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Pestome. Medma e eceHuyuaneH MUKpoenemeHm 3a Yyogeka u xugomHume. TS uma KIT4Y080 3HaqeHue, mbli Kamo e 3adbkume-
JIeH KOMNOHEHM 8 aKMUBHUS LeHMbP Ha peduya MeOHU MemasoeH3uMu U y4acmea akmusHO 8 NpoUecUme Ha nuaMeHmauyus, epumpo-
noesa, 2eHHa ekcnpecusi, okcudamugeH cmpec, Nod0bpxaHe Ha amoko3HUs 6anaHc. KnuHuyHUme HapyweHus 8 obMsiHama Ha Medma
ca c8bp3aHu ¢ Oeghuyum unu cepbXHampyneaHe 6 opaaHuama. PeHoMUNHO Me3au HapyweHuUsi ca MHO20 pasHoobpasHu. OueHkama Ha
MeOHUS cmamyc U3UCK8a U3N0I368aHeMo Ha HadexoHU abopamopHu GUOMapKepU, KOUMmo ca ¢ 20/1aMa JyscmeumenHocm da Mozam
da ompassigam Aopu U ManKu NPoMeHU 8 CbObpxaHuemo Ha Medma. Hacmosiujusim 063op npedcmassi acnekmu om husuonoausima Ha
medma, 3ab0rsieaHuUsi C HapyweHa XoMeocmasa U CbepeMeHHU BUoMapKepu 3a oxapakmepu3supaHe Ha MedHUs cmamyc.

Knrouosu dymu: med, medeH Oecpuyum, cepbxHampyneaHe Ha Med, buomapkepu 3a MedeH cmamyc, cuHOpom Ha Merke, 6onecm
Ha YuncoH, 6onecm Ha Anuxatmep
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Summary. Copper is an essential trace element for humans and animals. It plays crucial role as an integrative component of many
copper metalloenzymes and participates in various physiological processes: pigmentation, erythropoesis, gene expression, oxidative
stress, regulation of glucose balance. Clinical disorders of copper homeostasis are associated with deficiency or overload. Phenotypically
these impairments have diverse expression. In recent medical practice the need for reliable laboratory markers that would allow effective
evaluation of copper status in human body with high sensitivity to detect even small changes in body copper levels is boldly underlined.
This review presents the main aspects in copper physiology, clinical disorders in copper metabolism and key laboratory biomarkers for
assessment of copper status
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ME[ — PONA U dU3NO0JNTOIMNA B OPTAHUSMA TanHo fa ce npeausBMka HeLOUMBbK U Bb3HUKHAIMU-
Te npu ToBa NPOSIBU M34e3BaT creq npubaBsaHETO

MenTa e eceHeumaneH MVKPOENEMEHT 3a YoBe- Ha enemeHTa [1]. Cnen uMHKa W Xenas3oTo, Mearta e

Ka 1 XuMBOTHUTEe. EceHumnaneH e enemeHT, 3a KOUTO TPETUAT NO NPEACTaBUTENHOCT MUKPOENEMEHT B Op-
MOXe €CTECTBEHO [a Bb3HMKHE WIN EKCNepuMeH- raHnama [3]. [pu Bb3pacTeH 4YOBEK CbObPXKaHUETO
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e okono 70-150 mg [2, 14]. MegHOTO CbhAbpXaHue-
TO Bapupa B 3aBUCMMOCT OT Bb3pacTTa M nora Karto
€ no-Bncoko B aekagute mexay 20-30 roanHu u npu
XeHckns non [2, 9, 17]. YKeHckuTe NonoBu XOPMOHU
N no-cneumarnHo ecTporeHnTe BNUSAT BbPXY MeOHO-
TO CbAbpXxaHue B opraHuama [3]. Mo-B1Ucoku HMBa Ha
CepymMHa Me[ ca U3MepEeHW No BpPeMe Ha MeHCTpya-
Mg, a No-HUCKM — no Bpeme Ha osynauwms [3]. MNpu-
YMHa 3a ToBa BM MOrbn Aa € CTUMYNUPaHUSAT CUHTE3
Ha Liepynonna3mMuH nog aencTeme Ha ectporeHuTe [3].
CbabpxaHMeTo Ha Med B opraHM3ma 3aBucuK OT BMAa
N CbCTaBa Ha XpaHaTta, Bofara, OT npuema Ha arnko-
XOMHW HanuTKK, NeKapcTBEHM BeLlecTBa U XpaHu-
TenHn gobaeku [2]. HabnogaBaHa e TeHAEHUMS KbM
HamansiBaHe Ha CbAbPXaHUETO Ha Mef Npu nosuLLe-
Ha ankoxorHa koHcymauws [2, 17]. He e yctaHoBeHa
CTaTUCTUYECKM 3HAUYMMa pasfnuka mexagy nywadu u
Henywayn [2]. lNoBuweHaTa duandecka akTUBHOCT
ce CBbp3Ba C MO-HUCKM HMBa Ha Meq B KpbBTa [17].
YcTaHOBeHa e 3HauMMa Kopenauusa Mexay HuBaTa Ha
cepymHarta me 1 body mass index (BMI) (R = 0,85,
p < 0.001) [2, 9].

TbKaHHaTa KOHUEeHTpauusa Ha meaTta e okono 1.5
0o 5 pg/g cyxa TbkaH [11]. OTHOCUTENHO MO-BUCOKO
CbObpXaHWe MMa B CbpLEeTo, MO3bka U 6bbpeuuTe.
CbaobpxaHMeTo B MYCKyNMTE M B KOCTUTE € OKOIo
50% oT 06LL0TO ChbabpPKaHMe B OpraHn3ma; no okomno
15% e B KOXaTta n KOCTHUS MO3bK; 8% — B MO3bK [1,2].

lMpenopb4yumesnieH OHe8eH nNpuemM Ha med

CobluecTByBa ronsiMo pasHoobpasve B npenopb-
YUTEMHWUSI AHEBEH NPUEM 3a MeaTa, 0COBEHO LLO ce OT-
Hacsl [0 noapasfernsHeTo B pasfvyHu rpynu no nos u
husmonornyHu xapakrepuctuku [7]. MNMpes 2004 r. The
Agency for Toxic Substances and Diseases Registry
(ATSDR) npenopbysa npuem ot 0.01 mg/kg/d 3a mu-
HMUManHoO HWBO Ha puck (minimal risk level — MRL)
KbM HaTpyrnBaHe UIn KbM HEOOCTUr Ha MeA WUIn npu
cpenHo Terno okono 70 kg ToBa e okorno 0.7 mg [7].
MpenopbunTenHMsaT gHeBeH npueM (recommended
dietary allowance) e okomno 0.9 mg/d. [3,5]. B pasnuu-
HWTE eBPOMENCKN AbPKaBWu Te3n KonuyecTsa Bapvpar
B rpaHuumnTe Ha 0.7-5 mg/d men, kaTto 3a MbXeTe ca
No-BMCOKN, OTKOSKOTO 3a xeHwute [1, 3, 10, 11, 19].
Cnopeg Gibson [10] BereTapuaHuute 6u TpssidBano ga
npuemar rno-BUCOKU AHEBHU 003K Mef (2.1-3.9 mg/d),
OTKOMKOTO HeBereTapuaHuute (1-1.5 mg/d). lNpeno-
pbkuTe Ha CBeToBHaTa 3gpaBHa opraHusauma (World
Health Organization) ca 1.4 mg/d 3a okono 70 kg Te-
Mo 1 OKONo ABa MbTW NoBeve 3a nogpacteawm [10].
B CALL npenopbyntenHus AHEBEH NpMeM Ha me[d e
19.10 mg/d 3a Bb3pacTHu 1 8 mg/d 3a BpemeHHM, Kbp-
Mayky 1 toHowm [2]. WnpokmaT ananasoH Ha Bapua-
UM M HEeJOCTaTbYHOTO XapakTepusupaHe Mo rpynu
3a npenopbYBaHNA AHEBEH NMpYeM Ha Men Cce OAbIKu

OOHsAKbAE M Ha hakTa, Ye HAMa JOCTaTbYyHO YyBCT-
BUTENMNHMW MOKa3aTeNu, KOUTO Aa OLEHABAT JOCTOBEPHO
MeOHWs cTaTyc B opraHuama. [locTbnBaHeTo Ha Men
B OpraHM3Ma cTaBa 4pe3 fnpuvemMa Ha Bojarta, Men-
cbabpXalimMTe 400aBKM, HO OCHOBHO € MOCpeaCcTBOM
xpaHarta [10]. XpaHu 6oratn Ha mef ca yepeH Opob,
6vbpeun, puba, ctpuam, 6060BK pacTeHus, aoKu, Ka-
kao. OBpaTHO, MMSIKOTO U MIEYHUTE NPOAYKTU, 0Ocobe-
HO KpaBeTO MISIKO, ca 6eHN Ha MeQHO CbAbpXKaHue.
C no-BMCOKO CbabpKaHWe Ha Mef ca BoAUTe C FIEKO
kucerno pH [7].

Posnsi Ha MeOma e opeaHu3ma

EceHumanHata ponsi Ha meata e oTKpuTa npes3
1928 r., korato Hart n cbTp. [5] ca ycTaHOBUNN ponsdTa
Ha enemeHTa B 06pa3dyBaHETO U PyHKUMATA Ha epuT-
pounTtuTe [1]. LlepynonnasmmnHbT, HapuyaH owe de-
pookcugasa | [2], 3aegHo ¢ dpepookemaasa Il yyactea
B peakuusi Ha npespbLyaHe Ha dpeponoHuTte (Fe?*) BbB
depuiionn (Fe®*), KoMTo ce CBbp3BaT C TpaHchepuHa,
3a ga 6baat TpaHCnopTUpaHu 3a HyXXauTe Ha XeMono-
esata. LlepynonnasMumHbT € MegeH mMeTanoeHsuM, a
TOBa Oonpefens u CbLEeCTBEHOTO 3Ha4YeHVe Ha MeaTa
3a ePEeKTMBHOTO U3MON3BaHE Ha XEeNA30TO U 3a XeMO-
rmobuHoBusa cuHTes. Cera Beye ce 3Hae, Ye U3HOCHT
Ha XKens3o OT KMeTkuTe ce Megumupa OT TpaHcrnopTe-
pa deponopTuH, KONTO € peLenTop 3a AENCTBME Ha
KITFOYOBWSI XOPMOH Ha XernsidHaTa XoMeocTasa Xerncu-
OuH. Bbpxy GasonaTtepanHata membpaHa Ha gyopde-
HaNHUTE EHTEPOLUTN OCBEH (DEPOMOPTUH € foKanu-
3MpaH 1 ole eanH NpoTenH — xedacTUH — TbKaHeH
aHanor Ha nnasmeHus uepynonnasMuH. XeacTUHbT
CblLLO npuTexaBa depooKkcuaasHa akTUBHOCT. Tow
OKWUCIISIBA KENA30TO, KOETO B KPbBOOOpALLEHMETO
ce 3axBalla OT nna3mMeHus TpaHcdepuH. XedacTtu-
HBT CbLLO NoaabpXKa nokanuaaumsata Ha ekcnoprtepa
deponopTuH Bbpxy 6asonaTtepanHata MmembpaHa Ha
AyoOeHanHuTe eHTepoLUTH 1 MO TO3U Ha4YMH aKTUBHO
yyacTBa B KOHTpONia Ha cMcTeMHaTa XoMeocTasa Ha
Xenas3oTo [6].

HopmanHo npu okono 90-95% cepymHaTa meq e
CBbp3aHa C uepyrnonnasmmHa — rMuKonpoTenH, OTro-
BOPEH 3a TpaHcnopTa Ha enemeHTa [1, 2, 3, 8, 20, 22].
OctaHanaTta 4acT, o3Ha4aBaHa kaTto ,cBobogHa men”
(“free copper”), obpasyBa nabunHu Komnnekcu ¢ an-
OyMuH, amuHokmcenuHu, nypunn, OHK, PHK, npote-
WHW, Hykneotuau. NosuweHuTe HMBa ,cBobogHa mea”
ca TOKCU4HM [3], 3aLl0TO ocBOGOAEHUTE OT NabUNHUS
nyn MegHU NoHM cBoH6OAHO NpeMMHaBaT Npes KneTby-
HUTEe MeMbpaHn, KPbBHO-MO3b4YHaTa Gapuepa, rmome-
pynHaTa membpaHa 1 nnaueHTara [20, 22].

Med-cbObpixaw,u MemasioeH3umu

MepnTa ¢ npucbLiata cu cnocobHOCT Aa NpeMuHa-
Ba Mexay ase dopmu — okucrieHa (Cu?* KynpuimoHu) um
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penyumpana (Cul* KynpomoHu), e eceHumnaneH Kogak-
TOp Ha pefuua BaXXHU eH3MMU, U3BECTHU KaTo MeaHU
mMetanoeHsumun [18]. TakmBa (OCBEH LepynonnasMmu-
Ha), ca oLLe: cyrnepokeuaamcMmyTasa (copper/zinc super-
oxide dismutase — Cu/Zn SOD), unMToxpomockcuaasa
(cytochrome-c-oxidase), nusunokcugasa (lysyl oxidase
— LOX), ypukasa (urycase), Tupo3uHasa (tyrosinase),
gonamuH-6eta-xmgpokeunasa (dopamine-B-hydroxila-
se — DBH), xedbactnH (Hephaestin), katexonokcuaasa,
OeTta-moHooKkecnaasa, D-ranakto3ookcmpasa, D-xekco-
30 oKcuaopeaykTasa, nHoon-2,3-aMokcureHasa, L-ac-
kopbaTokcuaasa, HUTpaTpedykTasa, nenTuaunruumH
MOHOOKcKAasa, ¢raBoHOM-2,4-AN0OKCUreHasa, nentu-
OUNIMMLUMH MOHOOKCUreHasa xuapokcunasa (PHM) u
ap. [1, 2, 5].

dusuonozusi Ha Medma e op2aHu3Ma

AbcopbumaTa Ha Med ce OCbLUeCTBHABa npeaum-
HO B AyO[EeHyMa W ropHarta 4yacT Ha TbHKUTE 4YepBa,
Marnka yacTt — B cToMaxa [2, 7, 14], a cnopef HsKou
aBTOPU U B AUCTanHaTta 4act Ha TbHKUTe YepBa [2, 7].
Oxkorno 50-80% oT npueTtaTta Ypes3 xpaHaTa me[ ce ab-
copbupa. YcTaHOBEHO € BNusiHMe Ha peanua dakTopu
BbpXY CKOpoCTTa Ha abcopbuusi: non, Bb3pacT, aue-
Ta, XMMWUYECKN CbCTaB Ha XpaHaTta, Hanuuve Ha 3a-
bonsiBaHuMs, 3acsaraly YpeBHaTa nuraBuua, Npuem Ha
HSIKOW MeauKameHTu (opanHuWTe KOHTpauenTuBu Mo-
BMLLABAT CbObPXXaHMETO Ha Meqd B OpraHmama OKOJlo
1.5 n 2 mg/L [3]). MHoroo6pasuneTo Ha Te3n hakTopu
e NpuYMHa 3a LUMPOKO BapupaHe B CTerneHTa Ha yCBO-
saBaHe OoT 12 go 71% [7, 11]. NpuembT Ha BenTbumn 1
HsAkOM NpobuoTUUM NoBulIaBa abcopbumsaTa Ha meq
[7]. MegTa, kens30To 1 LMHKa B3aMMHO Ce NnoBnusBsar
B MpoLeca Ha yCcBOsIBaHe B opraHuama. [oBuleHnsT
NpUeM Ha XXensi30 UM LIMHK MOXe Aa goBede Ao Me-
aeH gedununt [2]. O6obueHo dusmnonoruaTa Ha Mea-
Ta B OpraHuama e npeacraBeH Ha gour. 1.
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TpaHCNOPT H3 MEA W BAIONEIHE B XEMONDEIITA

@ue. 1. dusuonozuss Ha medma e op2aHusma: MT — memanomu-
oHeHuHu; hCTR1 — human copper transporter [1]

Bbpxy anukanHata 4eTkoBuaHa MmembpaHa Ha ay-
OofEeHarHUTE EHTEPOLUTM Ce M3BbLPLUBA EH3MMHA pe-
OYyKUMSA Ha Kyrnpu- 40 KYNPONOHWU, KOUTO Ce MPexBbp-
NST KbM BbTPELLUHOCTTa Ha eHTepoumTa Ype3 MedeH
TpaHcnopTeH npotenH 1 (human copper transporter 1
—hCTR1) [7, 11, 14, 25]. lNpoy4BaHns ¢ KyNnTUBUPAHU
KNeTKM Mnokaseart, Ye gyodeHarnHarta depupegykrasa
Tmn untoxpom Dcytb moxe ga dyHKLMOHMpPaA He camo
KaTo hepu-, HO 1 KaTo Kynpupeaykrasa [24]. Tasu BTO-
pa peayktasHa dyHkuusA Ha Dcytb He e 6una nssecTt-
Ha gockopo. KynpupegykTasHaTta akTuBHOCT Dcytb 6u
MOrfna ga CTMMynuvpa HaBnu3aHeTo Ha MeaTa B KreT-
kuTe. Tean HoBM AaHHM 3a Dcytb npegnarar olle egHo
MOINEKYNAPHO 0BSICHEHNE 3a B3aMMHOTO MOBMWsIBAHE
Ha MUKpoenemeHTuTe npu abcopbumsita um B YpeBHa-
Ta nuraeuua.

Cnen kato MegHWTe WOHW HaBnssaT B LUTONMNas-
MaTa Ha eHTepouuTa, Te Ce TpaHcnopTupar oT MeTa-
notuorHenHn (MT) unu oT ApyrM npeHacswm CTpyk-
Typu [7]. 3a mectaTta Ha cBbp3BaHe B MT meara ce
KOHKypMpa C MOHUTE Ha UMHKa M Kagmusa kato MT
MMmaT Nno-BMCOK adUHUTET 3a CBbp3BaHe KbM MeJHUTE
MNOHM, OTKOMKOTO KbM Te3M Ha LUMHKa [2].

AbcopbupaHaTta meq ce TpaHcnopTupa yYpes nop-
TanHaTa cuctema Ao YyepHusa apob, cebp3aHa c anoy-
MWH, TPAHCKYMNPeWH, HUCKOMOMEKYNeH Mea-XncTuanH
KOMMJIEKC MM B KOMOMHALMSA OT BCUYKKN M3BpoeHU [2,
9]. HaBnunsaHeTo B xenaTouuMTa cTaBa OTHOBO C yyac-
TUETO Ha pedykTasn u Ha TpadHcnoptepa hCTR1. B
uuTonnasMarta Ha xenatouuTa ce cknagvpa peseps-
Ha Me[ Ype3 CBbP3BAHETO C peayumpaHn rnyTaTuoHu
MT. BbB BbTPEKNETbYHOTO TpaHCNopTUpaHe Ha Mea-
HWUTE WOHWM pons mmart T.Hap. chaperones (npuapyxu-
Tenu). Te cBbp3BaT MeOHUTE WOHU U M AOCTaBAT A0
TapreTHMTe npoTenHu. B 3aBncnmocT ot Buga Ha npu-
OpyXaBallaTa Morekyna MegHUTe MoHW ce npeHacaT
[0 pasnuyHy eH3UMKU 1 opraHenu, 3a Aa UsnbliHaBaT
onpegeneHa pyHKums. TakmBa NpeHacsALwm CTPYKTYpu
ca: CCS, Cox17 n ATOX1 (cdur. 2). CCS1 gocrass me-
OTa [0 aKTUBHUS LIEHTBbP Ha eH3mma Cu/Zn SOD [5, 7,
25]. Cox17 npeHacss MegHUTE MOHU OO0 LMTOXPOM-C-
oKkcuaasata B MUTOXOHApuanHata membpaHa [5, 25].
ATOX1 npeHaca enemeHTa go ATP7A/ATP7B npo-
TenHute [25]. ATP7B e TpaHcmMeMbpaHeH NpPOTEVH B
anaparta Ha longpxu (AN npeguMHO B XenarouuTuTe,
KbAETO CTaBa MHKOPMNOPMPAaHETO HA MedHUTE WOHW B
uepynonnasmuHa. ATP7B meaunpa n ekckpeumaTa Ha
Mep 4pes xbykara [25].

EkckpeumaTa Ha meq ce oCbllecTBsBa OCHOBHO
ypes deueca. Tasn mef BkoyBa HeabcopbupaHarta
OT XpaHaTta mef, meaTa, otaeneHa npes bunvapHarta
CcuCcTEeMa U efHa 4acT, KOATO e CekpeTmpaHa B racTpo-
WHTEeCTMHanHuA NbT. BbunnapHata megHa ekckpeuus
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(0.5 po 1.3 mg/geH) e OCHOBHUAT NbT 3@ €HAOreH-
HO enuUMUHMpaHe Ha MeaTa OT opraHuama [7]. Ypes
ypuHaTa 1 noTTa CbLLO Ce eKCKpeTupaT no-marnko ot
3% oT npuema. MuHUManHu KonuyecTea ce oTAendaT
N Ype3 MeHCTpyanHoTto KpbBoTeveHne — 0.1-0.8 mg
Ha unkbn [7].

Cul+
Que. 2. KnembyeH memabonusbm Ha MmeOma: MeGHUMe UOHU
Cu* Haenu3am e kriemkume nocpedcmMeoM UHMe2pasieH MeM-
6paHeH npomeuH — hCTRP1 (human copper transporter 1). B
Knemkama medHume UoHU ce cebp3eam ¢ MT — memanomu-
OHEeHU, U maka ce cknadupam unu mpaHcriopmupam Jo crie-
yughuyHu mMonekynu npeHocumenu (chaperones) kamo COX17,
CCS, ATOX1. HopmanHo e Knemkama HsiMa ce0600HU MeOHU
toHu. TpaHcnopmepume ATP7A u B umam knro4osu gpyHKyuu
8 KniembYyHama cekpeuyusi Ha med. ATP7B e mpaHcmembpaHeH
npomeuH & anapama Ha londxu, npeduMHO 8 Xxermamoyumume,
KbOemo cmaea UHKopropupaHemo Ha MeGHUmMe UoHU 8 CMpPYK-
mypama Ha yepynonnasmuHa. — Cp. ATP7B uma eaxxHO 3Ha4ve-
Hue 3a bunsipHama ekckpeyusi Ha Medma, KoUImo e OCHOB€EH €H-
dozeHeH MbMm 3a eJluMUHUpPaHe Ha Medma om op2aHuU3ma

®PU3NONOrMYHNTE MEXAHU3MU Ha perynauust 3a
nogabpaHe Ha xoMeocTasaTa Ha MeATa BKIo4BaT
KOHTPON Ha npvemMa Ha Mef, Ha TpaHcnopTa Ha Mea-
HWUTE MOHM, Ha CTeneHTa Ha AyopeHanHa abcopbums
n/unun éunmnapHa ekckpeums [7]. B cnyyau Ha HamarneH
BHOC Ha Me[ Ce HamansiBa eHoreHHaTa ekckpeuus
ypes Xrbykata U obpaTHO — NpW MOBULLEH BHOC Ha
Men, ce notucka abcopbumnaTta Ha meaTa u ce yBenu-
YaBa eKkcpeumsiTa U ypes xnbykaTa [7]. Xenatounutute
nMaT KNo4oBa ponsi B obMsiHaTa Ha meaTa, a Ha cyb-
KNEeTbYHO HMBO CbBPEMEHHU MPOY4BaHMS MOKa3BaT
HOBW JaHHM 3a pondta Ha MUTOXOHApWAanHara xome-
0oCTasa Ha MUKPOENEMEHTUTE U OCODEHO Ta3u Ha xe-
N5130TO U HA MeATa KaTo KIH4O0BM Npu Hskon BornecT-
HW cbCTOsIHMSA [25].

HAPYLUEHUA B OBMAHATA HA MEATA

CbCcmosiHUs1 Ha CePpbXHampyrneaHe Ha meld 8
opeaHu3mMa

[Mpn CbCTOSIHUS Ha CBbpXHATpynBaHe Ha men B
opraHuama KnMHUYHUTE MPOSIBU Ce u3passaBar B rac-
TPOUHTECTUHAINHO Apa3HeHe W epo3nun, aHeEMUS, XU-
MOTOHMS, XbNTEHMLUA, MbPYOBE, KOMa U JOPU CMBbPT
[3]. o HAkonko AHW ce nposiBABAT HapylleHusTa B
YepHogpobHaTa 1 6ubpeyHaTa hyHKUUSA. XpoHMYHaTa
WHTOKCUKaLMA C Me[ 3acdra Han-Beve yepHus Apob
[3]. UHTOKCUKaumaTa ¢ meq Moxe Aa 6bae datanHa,
aKko He ce pearnpa ageksaTHO u HaBpeme [7]. Cbe-
TOSIHUSI HA CBbPXHATPyNBaHe Ha MeL B opraHu3ma ce
HabnogaeaTt npu criyYanHo nornbliaHe, npy npode-
CMOHarnHa ekcrnosvums Unm npu ekcro3numst oT OKon-
HaTa cpega, OpeMeHHOCT, xomecTtasa, CTUMYyNupaH
CMHTE3 Ha LepynonnasMuH npu Bb3naneHvue, Tymop-
HK 3abonsBaHus, YepHoopobHa LUMpo3a, MUETTOUAHM
neekemuu, xuneptupeomamnaoem 1 ap. [3]. MNosuweHn
HMBa uma 1 Npu ynotpebarta Ha opanHu KoHTpauen-
TUBU 1 ecTporenu [2, 3]. PeTeHUnsa Ha meq B YepHuUs
Opo0 MOXe da ca MmonyyyM BTOPMYHO MpW Criydau C
XOrecTaTuyHMU CbCTOSIHUA KaTo MbpBMYHA BununapHa
umposa. CBpbxHaTpynBaHETO HA Me MOXe fa obae
reHeTUYHO AETEPMUHMPAHO MPU HAKOU 3ab0oNsBaHUs:
Wilson's disease (WD), ldiopathic chronic toxicosis
(ICT), Indian childhood cirrhosis (ICC). CblecTByBaT
[okasaTencrsa, Ye AvabeT Tun 2 ce CBbp3Ba CbC 3Ha-
4YMMO NOBULLIEHWNE Ha MeATa B opraHunsma [2]. Tepanus
C MefHu xernaTtopu nogobpsiBa rnoKO3HMS TonepaHc.

Mep n 6onect Ha Anuxanmep. Cnabo, HO YyBCT-
BMTENHO MOBYMLLEHNE Ha cBobogHaTa men, KaTto criea-
CTBME OT HapyLUEHO CBbp3BaHe Ha MedHWUTE NOHU C
uepynonnasMmvHa, MMa npu nauueHtn ¢ bonect Ha
Anuxanmep (BA) [22]. Ha To3n etan He 6w Morno ga
ce TBbpOM, Ye MeaTa e npuymHa 3a bA, Ho enemen-
TbT Ce onpeaens Kato pUckoB hakTop 3a pa3BuTHE Ha
oonectTa [20, 22]. MHOro HeBpogereHepaTUBHU 3a00-
NsiIBaHNS Cce CBbP3BaT KaKTO C MUTOXOHApWAanHa guc-
yHKUMS, Taka M C oTnaraHe Ha mMetanu B 6nm3ocT Jo
MO3bYHUTE Nne3un [25]. XapaktepHu natomopdonormy-
Hu 6enesun npu BA ca HeBponbpunapHuTe cnnMTaHms
1 aMunougHuTe Nnaknm — ekcTpawuenynapHu oTnaraHus
ot bera-amunova — B-Amyloid (BA). beta-amunoung-
BT Ce Mnory4aBa OT aMuIonz NPEeKYPCOPHUS MPOTENH
(amyloid precursor protein — APP) nog gevcteve Ha eH-
3umunTe 3- N y-CeKpeTasn — HopMarneH r3nornornyeH
npouec B HepBHaTa TbkaH [4, 15]. 3a BA e npucbLya
CKIOHOCTTa 3a CBbp3BaHe C MeTanHu noxu [15]. Cro-
pea G. Multhaup [15], cneundnyHo camo KynpuioHU-
Te (Cu?*) 3aegHoO ¢ APP B3auMMogencTBaT B peakuus
Ha pegyKuus, Npy KOETO ce MoaMdumLmMpa Morekynarta
Ha APP (n3rpaxga ce HoOB gucynduaeH MocT) u ce 0b-
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pasyBat KynpowoHn — Cul* B APP/Cu?* komnnekc [13].
BenoHbXx pegyumpaHun, MegHUTE MOHW MoraT fa JoBe-
Oat 0o obpasyBaHe Ha BUCOKOTOKCUYHM CYNEPOKCULHN
pagukanu. Hapywennat 6anaHc mexay obpasyBaHe-
TO W pasrpaXgaHeTo Ha Tesn pagukanu BoAu A0 nog-
YepTaH okcmaatuBeH cTpec [15], KONTo e npuynHa 3a
HapyweH meTabonusbm Ha BA [12]. beta-amnnongbT
uma peguua U3MONOrMYHN PYHKLUN, BKAOYUTENHO
N aHTMoKcuaaHTeH edekT. ChbluecTByBa Npeanosno-
XKEHWe, Ye oTnaraHeTo Ha BA e KOMNeHcaTopeH Mexa-
HM3bM CpeLlly OKCUAATMBEH CTPeC B HepBHaTa TbKaH
[12], HO ¢ pa3BuTMETO Ha GONECTHUA MPOLEC AHTMOK-
cumaaHTHaTa pongd ce u3MecTBa OT nogyvepTaH MpooK-
cvaaHTeH edpekT [12,13]. HapyweHaTta xomeocTasa, ¢
nocneBallo HaTpyrnBaHe B HEPBHATA TbKaH, Ha HAKOM
MUKPOENIEMEHTH, B TOBA YMCIIO XEns30, UMHK U Mef,
BOOW A0 OKCMAATMBEH CTPEC, KOETO OT CBOSA CTpaHa ce
CBbp3Ba C MOBULLEH PUCK OT Pa3BUTUE Ha KOTHUTUBEH
neduunT N HeBpoaereHepaTMBHUTE NpoMeHn npu BA
[7, 12, 15, 21]. NpoaykTn B pe3ynTaTr Ha oKkcuaaTuBeH
CTpecC ce HaTpyneaT U C Hanpe[BaHe Ha Bb3pacTTa u
3aToBa TS Ce pasrnexaa Kato pUcKoB (hakTop 3a Ae-
MEHTHW CbCTOSIHUSA, a Cropen HSKOM aBTopWu AOpY U
KaTo ocHOBeH puckoB hakTop 3a BA [12]. Cnopea Cb-
BPEMEHHW NPOoy4YBaHNs BCE OLLE HE € HAaMbITHO U3SCHe-
HO Janu arperatHUTe KOMMIEKCH OT NPOTENH U MeTan
ca npuyMHaTa 3a MUTOXOHApWAanHa AUCHYHKUNS 1 He-
BpoOgereHepaumsa unu Te ca cnepcrteue ot Tsx [25]. C.
Salustri n cbTp. [20] Aoka3BaT 0OpaTHONPONOpPLMOHa-
Ha 3aBMCMMOCT MEXAY KOHLiEHTpauusaTa Ha ,cBobogHa-
Ta Meq" v pesynTtaTuTe 3a KOTHUTUBHUTE Bb3MOXHOCTY,
n3mepeHn 4ypes mini-mental state examination (MMSE)
—r=-0,407; p < 0.0001. MNpeacTaBsa ce xunortesara,
Yye ,cBobogHaTa Mea” Moxe fa € pUCKoB hakTop npu
pa3BUTWE Ha KOTHUTUBEH AehrunT.

TokcuyHn edrekt Ha mearta. OKkeuaaTUBHUAT
noTeHuman Ha MeATa B opraHvM3ma Boau O noBuwa-
BaHe Ha cBOBOAHWUTE KUCMOPOAHW pagukanu 1 o pas-
pyllaBaHe Ha KrneTkute, T.e. MeATa MmMa LUTOTOKCUYEH
edekT. To3n edpekT MOXe fa ce MPOosiBU KaKTo npu
CBpbXHATpynBaHe Ha Meq, Taka u npu HegocTtur [18].
HatoBapeHute C Mep xenatouuTu TbpnAT AereHepa-
TUBHW NPOMeHW. Te ca yronemeHu C BakyonuanpaHa
umMTonnasma u xvanuHHun BkntousaHus [23]. MNpuuenHo-
TO MSICTO 3a MefHaTa MHTOKCHKaums ca sapoTo U MUTO-
XOHOpUUTE. YCTaHOBEHO € NOBULLEHO (hparMeHTupaHe
Ha [OHK [23]. N3anaraHeTo Ha [OHK Ha Bb3oencTBmeTo
Ha BOZOPOAEH MPEKUC U pedyumpaliy areHTu B npu-
cbCTBUETO Ha Cu?*, BOAM A0 HapyLUEHUS B CTPyKTypaTa
Ha OHK. Anda-TokodeponsT B Te3n criyvyaun nposissisa
rnogyvepTaH aHTuokcuaaHTeH edekT [23].

CbcTosiHUA Ha aedpMumnT HA Mea B opraHM3ma.
Oednunt Ha men ce HabngaBa Npu HapyLleHa YpeB-
Ha abcopbums, NPOOABIMKUTENHO NapeHTeparHo xpa-

HeHe, HeJOXpaHBaHe, MPMEM Ha BWCOKM [OO3U LUHK
n xensso [5], HedpoTUYEeH CUHOPOM CbC 3aryba Ha
0enTbK, ekcynaTtMBHa eHTeponatus, 6onect Ha lMap-
KMHCOH, reHeTn4Ho aetepMmmnHupaH Menkes syndrome
(MS) [2, 7]. CTUMYNUPaHNAT NpUeM Ha LUHK, ocobe-
HO MNPV HEKOHTPONMPaHO CynfeMeHTUpaHe C XpaHu-
TenHu fgobasku, MOXe Aa fosede A0 MefeH aeuumT
[7]. Han-yectuTte nposiBu Ha gedwuumta npu xopa ca
aHeMmusi, HeyTpOMneHusl, KOCTHK mandopmauun, pas-
BUTME Ha ocTeonoposa [2, 5]. Mo-pagko moxe ga ce
HabriogaBaT XMMNOMUIMEHTaUUs, HapylleH pacTex,
MoBULLEHA MOAATNMBOCT KbM MHMEKUUN, HapyLleHa
dharounTHa CMOCOBHOCT M HapyLUEH [NOKO3eH MeTa-
©onusbm [5].

MepgHuaT oedunumT NMHOMPEKTHO Ce NposiBaBa vpe3
HapyLUeHVs BbB PYHKLMUTE Ha MeA-3aBUCMMUTE EH3N-
MU. HapyLueHa nurMmeHTaums Ha koxkaTa ce Habnogasa
npu NOTMCHAaTa aKTMBHOCT Ha eH3nMa TUpOo3nHa3a. Ton
€ HeobxoaMM Npu CUHTE3a Ha MerNaHWH B MeNaHoUUTU-
Te. LUutntoxpomokcmpasata nma 3HaveHve 3a obpasy-
BaHe Ha ATP B knetkaTta [2]. Mpn noTuckaHe Ha LUTO-
XPOMOKCHAAa3HaTa akTMBHOCT Ce pa3BMBaT MUoNaTus u
atakcus [8]. Jinsunokcugasata uma 3HavyeHue 3a Hop-
ManHata CTPyKTypa W enacTMYHOCT Ha CbeauHUTEn-
HaTa TbKaH, KOSTO € BaXKHa 3a u3rpaxgaHe Ha CcbAo-
BUTE CTEHWN N CbPLETO, KAKTO U NPU N3rPaxK4aHETo Ha
KoCTHaTa cTpykTypa. [pu crnyyam Ha TexsK aeduumT
Ha me[ ce pasBumBa ocTeonoposa [2]. EH3umbT gona-
MUH-6eTa-xvapokcmnasa y4actea B CMHTe3aTa Ha Ho-
pennHedpuH OoT gonaMmuH. [JonaMmuHbT, HopenuHedpu-
HbT (HOpagpeHanuH) n enuHedpPUHBLT (agpeHanuH)
dopmmpaT knaca Ha katexonamuHute. Mpu geduunt
unn gedekt Ha eHsuma moraT da ce pasBUAT XMMo-
TEPMUS, XUMOTEH3US, AexuapaTauusi, COMHONEHTHOCT
W OpYyrv CBbP3aHW C HapyLLeHa xunotanaMmmyHa yHk-
umst nposisn. MegeHnsT aeduumT BoAM 4O HapyLLeHne
B oOMsiHaTa Ha >Xensa3oTo M A0 PasBUTME Ha aHeMWs
— depoaxpecTnyHa aHemMus (Kens3oHaToBapeHu Mu-
TOXOHOPWM B €PUTPOUAHUTE MPEKYPCOPU B KOCTHUSA
MO3bK U HaMarieHa CUHTEe3a Ha LMPKynupaLlm epuTpo-
untm) [25]. CynepokengamcmyTasata uma CUMHO aHTu-
okcvpaHTHo gevicteue [2, 18]. Ypes eHsumute Cu/Zn
SOD u katanasa [2], KouTto CTUMynupaT Ui notmckat
TPaHCKPUNUMATA Ha PasnnyHy reHn, Meata uma BaxkHa
porns B perynauus Ha reHHaTa ekcrnpecusi.

Men v umyHuteT. MkpoenemeHTuTe, B TOBa YNC-
o 1 MefTa, UrpasT BaxHa POns KakTo 3a BPOAEHUS,
Taka u 3a npuaodbuTtns nmynHutet [16]. MegHuaT ge-
MUNT NOHWXKaBa e(PeKTMBHOCTTA Ha UMYHHUTE peak-
umnn. M3BecTHo e, Ye 6onHuTe oT MS cTpagaTt no-4yec-
TO U MO-TeXKO OT uHdpekuum [2]. NMpeanonara ce, Ye 3a
TOBa ca OTrOBOPHU LuTokuHuTE. MNpn MegeH gecovumnT
HMBaTa Ha UHTepneBkuH 2 (IL-2) ca 3Ha4YMTENHO NOHU-
XEHN M BEpPOSATHO TOBa € MpuyMHaTa, nopagu KosiTo
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T-kneTbyHaTa nponudepaLma e notnucHata [16] npe-
OUMHO 3a cMeTka Ha CD4+ nonynauusrta [5]. Heytpo-
NneHnsiTa € KNMHUYEH NpusHak Ha MmegeH aeduumnT [2,
5, 16] v 3a MbpBM NbT € onucaHa oule npe3 1960 r.
HeyTtpodunu, MoHoumTtn, 6asocmnm n eosmHopunm
ca daroumTtmpawmTte knetkn. OcBeH ye 6poAT Ha He-
yTpodpunuTe e pegyumpaH, npu CbCTosHUA ¢ aedu-
UMT Ha mefd ce oTbensasBa U HamansBaHe Ha TAxXHaTa
aroyntHa cnocobHocT [5,16].

NMOKA3ATEJIN 3A OXAPAKTEPU3UPAHE
HA MEOHUA CTATYC B OPTAHU3MA

[wnarHocTumpaHeTo Ha HAKOM MaTOMOrMYHU ChbC-
TOSIHMSA U3NCKBA Aa Ce NOo3HaBaT 4obpe OCHOBHUTE ac-
NekTn Ha obMsiHaTa Ha MeATa, HelHaTta pM3Monormy-
Ha ponsi B opraHnama U MexaHnsMmnTe, KOHTponupaLum
XoMeocTasaTta U. Hanpumep cbabpXaHMETO Ha Men
B YepHusi apob npu HOBOPOAEHWM € TONKOBa BUCOKO,
KonkoTo e u npu 6onHn ot WD, Ho 6e3 ToBa Aa Boau
00 nartonormyHu nposBu. 3acera BCe OLle He e SICHO
3allo TOBa € Taka, Tbi KaTO He ca No3HaTW HambIIHO
MexaHu3MuTe, KOHTPONMpaLLmM xomeocTa3arta Ha meaTa
npu HoBopoaeHu [7]. OnpegensHeTo Ha nokasaTtenwu,
KOWTO afileKBaTHO OTpassaBaT PU3MONOrMYHUTE MEXAHN-
3MM Ha perynauus Ha obmMsiHaTa u ctatyca Ha meaTa B
opraHu3ma, e BaXKHO 3a MeguuuHcKaTa npakTuka.

Haili-yecmo u3nosnizeaHu Mapkepu 3a oxapak-
mepu3upaHe Ha MeOHUsI cmamyc

Han-4yecTo M3nonssaHutTe nabopatopHu u3cnen-
BaHWS 3a oxapakTepuanpaHe Ha MefHus cTaTyc B
opraHusma ca cepyMHa/nnasmeHa KOHUeHTpauus Ha
Med 1 Ha uepyrnonnasmuH [2]. [etannHa vHTepnpe-
Taums OT M3cneaBaHeTo Ha Tesu nokasaTenu U3nckea
M NO3HaBaHETO Ha HAKOW BMONOrMyHW Bapuaummn: Ha-
npvMep MOBULLIEHNETO MPU OCOBEHN HU3NONOrNYHM
CbCTOAHUSA KaTo BpemMeHHOCT nnu ¢ HanpeasaHe Ha
Bb3PacTTa, KakTO M MOBULLEHNETO NpU Hecneumgny-
HV Bb3ManuTenHn CbCTosHNS. [oHsAKora npw nunca Ha
nogobHa KoOMMMeKCcHa OLeHKa CbCTOAHMATa Ha MeaeH
AednumnT MoraT Aa ocTaHaT Hepasno3HaTu.

MomeHyuanHu Hoeu 6uomapKkepu 3a oxapak-
mepu3upaHe Ha MeOHUsI cmamyc

Heobxooumo e mapkepuTe 3a MegHusa ctatyc aa
Cca 4yBCTBUTENHU MNMPpU rpaHNYHN HMBa Ha MedeH ae-
UUMT, NPU CcynneMeHTUpaHe ¢ Me[, KakTo U Aa ca
He3aBMCKMMO OT KOHLIEHTpaumaTa Ha cepyMHaTa/nnas-
MeHaTa MeA 1 Ha uepynonnasmuna [5]. MNoteHuymanHm
6uomapkepu ca Mea-3aBUCUMUTE EH3VMMU, MOMEKYIH,
npeHacsawm MegHUTe WOHM, Mapkepyu Ha KocTHaTa
NABTHOCT, MapKepu 3a UMyHHaTa cUCTeMa, 3a NHoKO3-
HUS1 TONepaHCc, 3a XONecTeporioBus MetTabonusbm U
HSIKOW reHeTUYHMN n3cnenBaHust [5]. CbBpeMeHHU npo-

Yy4BaHUS BbPXY MITbXOBE M MULLKM Ca YyCTaHOBWMM, Ye
CCS1 B TbKaHUTE N epUTPOLUTUTE 3HAYMMO U CneLn-
du4HO ce nosuwasaT npu megeH aedpuumnt [7]. MNpo-
TMBOPEYUBM pesynTaTuTe ca noryyveHu npu nscrensa-
He Ha MapKepu 3a KOCTHOTO usrpaxaaHe v pesopbums
cnep cynneMmeHTupaHe ¢ mef [5]. MHOXecTBO Mapke-
pu, OTpassBallM cTatyca Ha MMyHHaTa cuctema, Mo-
rat ga nocnyxar KaTto Mapkepu U Ha MefgHus ctaTyc
B opraHu3ma. Tosa ca IL-2, 6pos Ha HeyTpodunuTe
n TaxHaTa darounTHa PyHKUMS, heHoTMnmnsmpaHe Ha
numdounTHMTe cybnonynaumm, agxe3smoHHU MOMeKy-
nn [5]. IL-2 e NpoTeunH, KOWTO OTroBapsi 3a KOMYHUKaLM-
ATa MexXay KneTknte Ha uMyHHaTta cuctema. Npu me-
OeH AeduunT KOHUEHTpaumsaTa My cnaga, Kato To3u
edekT e obpaTum Npu HOpmanusmMpaHe Ha MegHWS
craryc. IL-2 e YyBCTBUTENEH MoKasarten He caMo Nnpw
TEXbK MegeH 4eduumnT, HO 1 MpU rpaHuydeH geduuur.
HapexgHo moxe ga 6bae onpedeneH B MOHOHYKIe-
apHu KneTkn oT nepudepHa KpuB [5]. MNoTnuckaHeTo Ha
cekpeumsaTa Ha IL-2 e BepoaTHO nopaam notTuckaHe Ha
IL-2 mMRNA ekcrnpecusita, KOeTo Mno3sonsisa U3nons-
BaHeTo Ha JyBcTBUTENEH meTod kaTto PCR (real time
polymerase chain reaction) 3a onpefensiHe Ha reHHaTa
eKkcnpecus fa ce M3nomnssa 3a OueHKa Ha CUHTe3a Ha
IL-2. TloTuckaHeTo Ha charoyuTHaTa PYHKUUSA Ha He-
yTpochumnumTe cbLlo e obpatum npouec. Hsakon aBTopum
npegnonarat CblLUEeCTByBaHETO Ha aHTUHEYTPOUIIHM
aHTUTENa npu TeXbK MegeH AedUUMT, YUNTO TUTBP
Moxe ga 6bae mamepeH [5]. MNo-yyBCTBUTENEH Map-
Kep 3a megeH geduumnt ca CD4+ knetkute (T-helper
cells), B cpaBeHune ¢ UUTOTOKCUYHMTE CD8+ numdo-
umtn (T-killer cells). KoHueHTpaumsita U CbOTHOLUE-
Hueto MM Buxa mMormM Aa GbaaT ycTaHOBEHW 4pes
deHoTUNM3NpaHe Ha numdounTuTe. M3cneasaHeTo
Ha NumdoLMTHaTa PYHKLNS YpE3 MHOXKECTBO NOBBLPX-
HOCTHM Morekynu 3a B- u T-kneTkute, daktopu 3a
akTmBupaHe kato CD25 n HLA-DR, KakTo agxe3vBHU
mornekyrnu intracellular adhesion molecule 1 (ICAM1
unn CD54) n leucocyte function-associated antigen
1 (LFA-1 vnn CD1l1a) ca apyrv Bb3MOXHU nokasaTe-
nv nNpv onpegensiHe Ha MegHua ctatyc. [locnegHuTe
OBe MoraT necHo ga 6baat namepeHu B nepudep-
Ha KpbB M Buxa fanu MHgopMauusa 3a uHTerpureTa
Ha T — kneTbyHaTa yHKUmaA [5]. Opyr noteHumnaneH
KaHauMaaT 3a 6uomapkep Ha MefHus cTaTyc OT rpy-
nara Ha MUMYHOMNOIMYHUTE MapKepu, e neBKouMTHaTa
PYHKLMSA Ype3 namepBaHe Ha BnacToreHHus OTroBop
Ha KMeTbYHU KyNTypu Npu nsnaraHe Ha cneumguyHmn
muTOoreHu, Hanpumep PHA — phytohaemagglutinin, u
Con A — concanvalin A [5]. brniacTtoreHHaTa akTUBHOCT
€ YyBCTBUTENEH MapKep Npu nparos AeduunTt Ha Meq
n e obpatmma [28]. Apyrn MMyHHM BrMOMapkepu ¢ no-
Marko ekcnepuMeHTanHu gaHHW ca: Opyrv nHTepres-
KnHKU — IL-1, IL-4, IL-6; reHHa ekcnepcus Ha MegHn me-
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TanoeH3nuMn U Ha HemeaHu-meTanoeHsnmm — Cu/Zn
SOD, Mn-SOD, kaTtanasa v rnytaTtMoH nepokcugasa.
Pa3BunTneTo Ha reHHOTO HanpaBsreHne B oxapakrepu-
3YpaHeTo Ha MedHUA cTaTyc Ha opraHu3ama npeacToun
B ObeLLe N BEPOSITHO LLe paskpue HOBW AeTannn 3a
cneununyHn requ [5].

3AKITIOYEHUE

3agbnbo4eHOTO U AeTaliHO No3HaBaHe Ha huau-
ornorusita Ha megTa 6u Jano Bb3MOXHOCT 3a No-7o6po
pa3bupaHe Ha KIMMHUYHUTE HapyLLeHns B 0OMsiHaTa Ha
TO3M eceHumarneH MUKpoeremeHT. BbamoxHata pons
Ha MefTa B natoreHe3aTta M TPETUpPaHETO Ha peavua
3abonsBaHusa kaTo 6onect Ha Anuxanimep, 6onect Ha
MapK1MHCOH, 3axapeH AnabeT 1 Apyry CoLManHo-3Hauu-
Mu Bonectn Hanara HeobxoAMMOCT OT pasLliMpsiBaHe
Ha OMarHOCTUYHMTE Bb3MOXHOCTM 3a OXapakTepusmpa-
HETO Ha MeLHWsI CTaTyC B OpraHMama KaTto KbM m3crnea-
BaHETO Ha cepyMHa/nnasmeHa unm ypuHHa KoHLEeHTpa-
uMst Ha Meq ce fo6aBsT M HOBU Mapkepu. Nocokute B
TOBa OTHOLLEHWE BKIHOYBAT OonpeaensiHe akTMBHOCTTA
Ha Med-CbAbpXaluMTe eH3MMU; CbObpXaHMe Ha Mo-
NEeKynu, aHraxupaHu B NpeHoca Ha MegHUTe WOoHU B
opraHuama (T.Hap. chaperones); nscrnegBaHe Ha HTep-
NeBKUHW, BPON 1 PyHKUUSA Ha HeyTpodunmTe, Numdo-
LUMTHO (DEHOTUMNM3NPAHE W APy NokasaTenu Ha UMyH-
HaTa cucTema; reHeTUYHW M3CreaBaHus Ha MOMEKynu,
yyacTBaly aKTUBHO B perynauusita Ha obmsiHata Ha
meaTa. KomnnekcHust nogxoa 6v nossonun ga ce no-
BMLLM Ka4€CTBOTO Ha rPWKNTE 3a NauneHTn, cTpagalim
oT 6onectu, CBbp3aHN C HapyLUEHWs B XOMeocTa3aTa
Ha TO31 MUKPOENEMEHT.
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