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BENOAPOBHA TYBEPKOJI03A HA NOAPAYJETO HA ONMILUTUHA BUTONA
3ANEPUOA 2007-2011 roguna
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Corresponding author: PE3UME: /1 nokpaj HanpedoKoT BO AMjarHOCTMKaTa edurKacHaTa Tepanuja u
CnpoBefyBakbe Ha BaKLMHaLujaTa, TybepKyno3aTta BO AEHELLHO BpeMe ceyLuTe npe-
TCTaBYBa 3[paBCTBEH, COLMjanieH 1 eKOHOMCKM npobnem. Llenta Ha oBOj TpypA e
[la ce NpurKa)ke PacnpoCcTpaHeToCTa Ha akTMBHAaTa 6enoapobHa TybepKyno3a Bo
aMOynaHTHO MOMUKAMHMYKATA U ANCNaH3epcKaTa [ejHOCT Ha NogpayjeTo Ha on-
wtmHa brutona. MaTepujan n metog Ha pa6oTa. 3a MaTepujan ce KOPUCTEHN NO-
Jatoun poburenn on [incnaHsepot 3a 6enoapobHn 3abonyBarba npu KnuHnuka
60nHUUa - 3a nepuogoT of 2007-2011roanHa. MprYMeHeT e AeCKPUNTBEH MeTO[
Ha paboTa. PesynTtatu. bpojoT Ha 6051HM of akTMBHa 6enoapobHa Tybepkynosa e
HamaneH o 31 Bo 2007 Ha 12 Bo 2011 roauHa. YuecTBoTo Ha 6enoapobHaTa Ty-
6epKyno3a BO BKYHUOT 6poj Ha TybepKyno3Hu 3abonysara e 95,9%. Op pesynTa-
TUTE BUANMBO € NOCTENeHO onarakbe Ha TPEHAOT Ha MOPOUANTETOT, CO Konebarbe
Ha amnuTygaTta Ha uHUuaeLaTta u npesasieHuaTa, HaM3MeHNYHO O FOANHa BO ro-
AnHa n ce asmxun of 28,5 Ha 100 000 »xkutenn Bo 2007 rogmHa Ha 11,3 Bo 2011 ro-
anHa. CnMyHO e 1 onararbeT Ha OpojoT Ha HOBOpEerucTpupaHute OGOMHMU.
MopTanutetoT off 6enogpobHa TybepKynosa e UCTO Taka BO onarake of 4,9 Ha
100.000 >kmTenu Bo 2007 Ha 2,9 Bo 2011 roguHa.3akny4ok. [lobueHute napameTpu
YKarKyBaaT Ha yCrMeLIHO CrpoBeflyBarbe Ha MepKUTe 3a CripevyBarbe 1 Cy36mBare
Ha 6enoppobHaTa Ty6epKyno3sa Bo onwTrHa butona. HatamowwHata 6opba npoTrs
oBa 3ab0slyBatbe MNOAPaA36Upa yLTe MOrOIEMO aHraXxnpake Ha 34paBCcTBEHATa
cny»x6a 1 3aefHuLa BO LIeOCT.
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BOBE/], BUKaaT 6oJsecT. Kaj 5-10% o MHULUpaHUTE BO TEKOT

Ha XKMBOTOT HAcTaHyBa TyOEpKy/J03HO 3aboJiyBame, a

Ty6epkysio3aTa e 3apa3Ha 60JIeCT KOja € TpeJu3BU-
KaHa of; 6akTepujaTa Mycobacterium tuberculosis (1). Ce
MpeHecyBa MPEKY BO3/AYX, HAjuecTo ce UHUIMpPaHHU Ge-
JIUTe JPo6GOBH, HO MOXKAT Aia 6uAaT ondaTeHH U APyTU
opraHu. 3/[paBUOT OpraHM3aM 06UYHO YCIIELTHO ja COBJIA-
JIyBa MHOEKIUjaTa U He 03BOJIyBa M0jaBa Ha 060JIECT.
Ako 3apaZiy pas/iMYHU MPUYUHU, UMYHUOT CUCTEM He
ycriee Jia ja coBJajia MH}EKIMjaTa, Torau OpraHu3MoT
3abosiyBa of 6esiofpo6Ha Th. JluneTo nuHUIUPAHO O,
TB - 6anuIu Moxke ja HeMa CHMIITOMH Ha 3a00JIyBakbe, a
noJio1Ha (1Mo noBeKe roJJUHU) OBUe GALUJIN J]a IPEJU3-

TOa Ce CAy4yBa KOTa OTIOPHOCTA HAa OPTaHU3MOT Ke
omajiHe 0/} pa3HU IPUYUHU: HEPeJO0BHA U cJaba ucxpaHa,
nperoJieMo GU3UYKO U MCUXUYIKO ONITOBAPYBakh€, CTPEC,
KOHCYMHpame rojieMo KOJM4eCTBO aJKOX0J U [fUrapy,
yrnoTpeba Ha APOrH, HEKOU APYyTH 3a60/1yBamba (L1ekepHa
6oJsiecT, KapuuHoM u ap.) ( 2,3).

[ToBeKkeTo Jsiyfe kKou UMaaT Th HeMaaT HUKaKBHU
CUMIITOMHU, UJIM CUMIITOMUTE ce 6siaru. Hajuectu cumi-
ToMHU 3a Th ce: kaluIMLa Koja Tpae NOA40JTr0 O TPU He-
JleJ1v, CyBa W/ NPOAYKTHUBHA, IOHEKOorall Npu/pyKeHa
CO KpBaB MCKALLJIOK, 60JIKH BO TPaJiuTe, CpLiebretbe, Mo-
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PP (CUIKO JMlIEHhe, TOJeM W J0JTOTPaeH 3aMOp U NpH
HajMaJ U3UYKH HAlop, Ma/laKCaHOCT, IyOere Ha alleTH-
TOT, c1abeerbe, IOKaYyeHa TeMIepaTypa, NoTeme (Kapak-
TEPUCTUYHO MOIJIAIHE UK PAHO HAYTPO, OKOJIY BPATOT
Y TOPHUOT Jies Ha rpaguTe). CHMOTOMM O CTpaHa Ha
JpyruTe 3a60JIeHH OPTraHU ce: GOJIKM M OTEYEHOCT Ha
JUMOHU jas/iu (HajuecTo Ha BPaTOT U Ma3yBUTE); GOJIKHY,
LPBEHUJIO, OTOK Ha 3IVI06G0BUTE; IPHUCYCTBO Ha KPB BO
Mo4KaTa Kaj 6ybpexxna Th; Teunu cronunu kaj Th Ha
1ypeBaTa, 60JIKY BO NpeJiesl Ha CPLETO Kaj Ty6epKy103eH
NepruKapAUTUC (BOocllaJleHHe Ha 06BUBKAaTa Ha CPLETO) U
T.H. XUB/cugara u Ty6epkysnosara ce 6JMCKy IOBP3aHH,
Taka IITO YeCTO ce 360pyBa 3a Ko-eluJeMHja UM 3a
JBojHa enujeMuja. XUB BupycoT ro Hanara of6paH6e-
HUOT CMCTEM Ha IOMaKHHOT U ja 3roJieMyBa MOXKHOCTA 3a
3/100MBabe HAa HOBAa MHOEKIWja, YeCTO TyOGepKyJio3a.
HUcto Taka, XUB BUpycoT 0BO3MOXKyBa U Nporpecuja Ha
JIaTEHTHATa BO aKTHBHA TyOepKyJi03a UM PELUIUB Kaj
NalMeHTH KOU NIPeTX0AHO OuJje seKyBaHU. TyGepKyJio-
3aTa e eJieH of] BojeukuTe youjuu kaj XUB unounupa-
HUTE JIMIa, 0c06eHO BO Hepa3BueHute 3emju ( 4,5 ).
lopuiHo ce nHGUIMpaaT okoJy 1,7 GUJIMOHMU JIyTe, Of
KOM Kaj 8 MUJIMOHU 6oJiecTa e aKTUBHA. [0AUIIHO YMU-
paat 3-5 mMusanoHu Jyre. HajuecTo ce jaByBa BO cuUpo-
MallHM Hepa3BUeHU 3eMjH, KajJle HeMa eduKaceH
3/lpaBCTBeH cucTteM. [lojaBaTa Ha 60JiecT ce LOJIKU Ha
€KOHOMCKHM paKTopu, MeAULUHCKU GAKTOPU U APYTH
XpOHUYHM 3abosyBamba (diabetes mellitus, silikosis, ma-
JIMTHYU TYMOPH, cpuieBU MaHU). Bo Peny6sinika Makezo-
HHja ce peructpupaar okosay 700 HOBM 6OJIHH, a BO
brTO/1a BO aHA/IN3UPAHUOT [IePUOJ, Ce PeTUCTPUPAHHU 52
HOBH 60J1HH ( 6,7).

L[EJI HA TPYAOT

LlesiTa Ha 0BOj TPY/, € Z1a Ce MPUKaXKe pacnpocTpaHe-
TOCTa HAa aKTUBHATa 6es10/[po6Ha TyOepKyi03a Bo aMOy-
JIAHTHO MOJIMKJIMHUYKATA U JUCIIaH3epCcKaTa [JejHOCT Ha
noJipayjeTo Ha OMWTHHA BuToJsa, cnopes pasHU oGe-
Jiexja ( moJ1, Bo3pact, peKkBeHIMja Ha jaByBakbe, MOPOU-
JUTET, MOPTAJUTET, CTAllKa Ha MHLM/IEHIa, IpeBaleHLa
u apyro ). Da se utvrdat merkite i aktivnostite koi treba
da se sprovedat vo uspe{noto sovladuvawe na tuberku-
lozata koi se del i se prepora~uvaat vo nacionalnite pro-
grami koi gi podgotvuvaat MwuHHCTEPCTBOTO 3a
3ApaBCTBO U UHCTUTYTOT 3a 6es10A4p06HH 3a60/1yBatba U

TybepKyso3a.
MATEPUJAJI U METO/] HA PABOTA
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3a MarTepdjajs ce KOPUCTEHMU IOAATOLM 3a 02
CTOjOUTE CO MOPOUAUTETOT Ha GesioApobHaTa TyOEepKYy-
Jlo3a oA M3Bewrtau Ha ciayxb6arta 3a ONLITAa MeJULMHA U
CrelujaJuCTUIKNTE Cayx6u, 06p. 6p. 3-01-60 u UsBer-
Taj Ha cay»kb6aTa 3a 6es0po6HU ( MyJIMOHAIHU ) 6oJie-
ctu U Tybepkysnosa, O6p. 6p. 3-06-60 3a sexyBaHHTE
JIMIa Ha NoJpayjeTo Ha omITHHA BuTosa 3a mepuon
2007-2011 roguna. Koristeni se i podatocite od lekarskiot
izve{taj za pri~inata za smrt. [I[puMeHeT e JeCKPUIITUBEH
MeToJ Ha paboTa.

PE3YJITATHU

Bo ciyx6aTa 3a 6es10jpo6HU 3a60J1yBama U Ty6ep-
K0J103a Y [JIejHOCTA 32 OMIITAa MeJUIIMHA Ha M0payjeTo
Ha Bbutosa, Bo 2011 rogrHa perucTprMpaHu ce BKynHo 12
c/lydau Ha 3a60JIeHHW 0] Ty6epKyJ/io3a co CTalKa Ha UH-
nuzaeHna o 11,1 va 100000 >xutesnu. OBoj 6poj e Hama-
JieH 3a 61,3 uHAeKCcHU noeHHu Bo ogHoc Ha 2007 roguHa,
Kora 6uJie peructpupanu 31 caydau Ha 3a60JieHU of 6e-
Jiogpo6Ha Ty6epKy/103a Co CTanKa Ha HHLIUAEeHa of] 28,5
Ha 100000 xxutenu (I'padpukon 1).

I'padukoH 1. Ctanka Ha GesoApo6GHA TyGepKyJI03a
BO JlejHOCTa 3a OIUITA MeJUIIUHA U cyxbaTa 3a 6eJo-
JApo6HU 60JiecTy U TyOepKy/i03a Bo butosa, 2007 - 2011
roZiMHa.
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AnasnusaTa cnope/ 1oJi oKakyBa roroJieMa 3acra-
MEHOCT Ha Ma)XKUTe BO BKYIHUOT 6p0j Ha perucTpupaHu
ciaydyan U Toa 23 Bo 2007 roguHa 1 7 Bo 2011 roauHa,
3Ha4u 73,6% HACIPOTHU }KEHUTE YUU MPOLEHT U3HECYBA
26,4% (I'padukon 2).

I'padukoH 2. CTpyKkTypa Ha 3a6oJsieHU 0f, GeJsio-
Jipo6Ha Ty6epKy/103a BO ZIejHOCTA 3a ONLITAa MeJUIMHA U
cayx6aTta 3a 6es0Jpo6HU 60JIeCTU U TyOepKyJ03a CIo-
pea nou Bo butosa, 2007 - 2011 roauHa.

AHasiusaTa cropes; BO3pacCT IOKaXxyBa JeKa
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6esioapo6HAaTa TY6EpPKYJI03a KAKO Kaj MaXKUTe TaKa U Kaj

)KeHHUTe CO HajrojieMa ¢peKBeHIMja Ce jaByBa Kaj
Bo3pacHaTa rpyna op 20 - 49 rogunu co 56 unu 54,5%
3abosienu u Haf 60 roagunu 26,4% (I'padukon 3).

I'padukon 3. CTpykTypa Ha 3aboJieHu of 6ei0-
Jpo6Ha Ty6epKyJio3a BO ZiejHOCTA 3a OIIITA MeAUI[MHA
U cIy»k6aTa 3a 6es1o[po6HU 60JIeCTU U TyOepKyJi03a
criope/, 1oJi U BO3pacHu rpynu Bo butoua, 2007 - 2011

rogvHa.
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Cute opraHu 3abosyBaaT of TyOepKy/03a, HO
HajuecTo cTpajaaT beauTe aApo6oBu. benogpobHaTa
JIoOKasv3aluja Ha 6oJiecTa e 3abesiexxaHa Kaj 95,9% of,
BKYIHHOT 6p0j Ha TyOGepKyI03HU 3a60J1yBaba.

Bo aHasnusupanuot nepuog 2007 - 2011 roguHa
CcTanKaTa Ha UHLM/leHLa NOKaXKyBa TpeH/, Ha na/, 14,8 Ha
100000 »xutenu Bo 2007 roamua Ha 3,7 Ha 100000
»kuTesu Bo 2011 roguna (I'padukon 4).

I'padukoHn 4. CTanka Ha MHI[UIEHIA HA 6eJ10IpoOHA
Ty6epKyJi03a BO C/Iyk6aTa 3a 6e/10[pOGHU 60JIECTH U TY-
6epkysi03a Bo butousia, 2007 - 2011 roguHa.
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B Cranka Ha 100000

I mortalitetot od 6esiogpo6Ha Ty6epkysao3a vo Bitola
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vo period 2007 - 2011 godina registriran vo doma{n <
uslovi od strana na ovlasteni lica - lekari mrtvoproveriteli
vo slu'bata za itna medicinska pomo{ (I M P ) poka'uva
trend na pad. Od 6esionpo6Ha Ty6Gepkyso3a vo 2011 go-
dina umrele 3 lica so stapka na mortalitet od 2,9 na
100.000 “iteli, dodeka stapkata na mortalitet vo 2007 go-
dina e 4,9 na 100.000 “iteli ili 6 umreni lica. Vo 2011 go-
dina mortalitetod od 6esnopo6Ha Ty6epkys03a e za 50,0
indeksni poeni pomal vo odnos na 2007 godina.

Analizata spored pol poka'uva pogolema zastapenost
na ma'ite vo vkupniot broj na registrirani slu~ai 75,0%
nasproti “enite ~ii procent iznesuva 25,0%( 'padukon 5).

Grafikon 5. Procentualno u~estvo na umreni od
6esioapob6Ha TyGepKy/I03a registrirani vo dejnosta za |
M P, spored pol vo Bitola, 2007 - 2011 godina

B pmamy B weHn

Analizata spored vozrast poka uva deka mortalitetot
od belodrobna tuberkuloza so najgolema frekvencija se
javuva kaj vozrasnata grupa od 45 - 64 godini so 5 umreni
licaili 41,7% i nad 65 godi{na vozrast so 4 umreni ili
33,3%. (Grafikon 6).

Grafikon 6. Broj i struktura na umreni od belo-
drobna tuberkuloza registrirani vo dejnosta za IMP,
spored vozrasni grupi vo Bitola, 2007 - 2011 godina
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JUCKYCHJA

Bo corsacHocT co u3BewTajoT Ha CBeTCcKaTa 3 paB-
ctBeHa Opranu3sanuja (C30), 6pojoT Ha HOB0O3a6oJIeHH
o/ TybepKyJi03a Kaj HaceJileHHeTo Bo brToJia e cTabusieH
(6,7,8), a BKynHUOT 6p0j Ha ML 6OJIHU 01 TYOEepKYJ103a,
€ CO TeH/leHI|¥ja Ha 6J1aro onarame. U mokpaj rosieMoTo
JIOCTUTHYBakbe BO [1006pyBarbe Ha eNueMHO0JI0IKaATA
cocToj6a co TyOepKy/103aTa, Koe ce CIOMHYBa CKOpPO BO
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$ 1ite 06jaBenu cTyauu (1 - 10), Taa ceyiuTe npeTcTaByBa
cepuo3eH Npob6JieM, CO TEIKO NMpeABUJJIUB TPeHJ Ha
MOPOUAUTETOT U MOPTAJUTETOT Ha 60J1eCTa BO U/THUHA.
Seu{te postoi evidentna zavisnost na tuberkuloznoto
zaboluvawe so socijalno - ekonomskata polo’ba na nase-
lenieto vo op{tinata i vo zemjata kako posledica na
ekonomskata kriza, pad na ‘ivotniot standart, se
pogolemata nevrabotenot i skromnite materijalni
mo nosti na zdravstvenite slu’bi. [lorpe6ro e mog06py-
Bakbe Ha CUCeMOT 3a Ipubupame MoJaTOoLH, cera nope-
Npe3eHTAaTUBHU U JJOCTANIHU BO NMOBEKe 3eMjU OTKOJIKY
BO MPETXOJHUTE FOJAUHU. Bo mocieJHUTE HEKOJIKY I'O-
JIMHYU OCTBapeH e 3HayuTeJsIeH HalpeAoK Kako BO 60p-
6ata npotuB XWUB uHdekuujata, Taka U Bo 6opbaTa
npoTuB Ty6epkysosaTa. Ho, TyGepkyso3aTa ce ymTe
y6uBa noBeke sinna nHuuupanu co XMB oTKoKy 6110
Koja apyra 6osect. PUHaHCUCKATa KpU3a He cMee [ia ja
Monpeyy UMIJIEMeHTaluujaTa Ha [J106aHUOT maH 3a
crpevyBambe Ha TyOepkysio3aTta. Cera e BpeMe Kora Tpe6a
Jia ce 3roJieMy GQUHAHCHUPaWkeTO Ha eQUKACHU UHTEPBEH-
LMY 32 TPeBEHIIMja U TPeTMaH Ha TyOepKy/103aTa HU3 Iie-
avor cBet (4,5, 8,9,10).

3AK/IYYOK

[Toce6GeH eHTy3HWja3aM U HaJ|€XK BO YCIELUIHOTO CO-
BJIa/lyBakbe Ha TyGepKyJo3aTa 0BO3MOXKYBa CIpevyBa-
HBEeTO Ha [l0jaBaTa Ha MHeKIIHUja Kaj 3/paBU JIUIIQ, [ja ce
crpeyd mojaBaTa Ha 6oJiecTa Kaj Beke HHQUIUPaHUTE
JINIIQ, /1a Ce OTKpHe 60JiecTa BO PaH CTaZUyM, CETO OBa €
JleJ1 0/l aKTUBHOCTA Ha HallMOHAJIHUTE NMPOrpaMHu 3a yc-
nemHa KoHTpoJsa Ha TBIl, koja cekoja roauHa ja noAroT-
ByBaaT MUHUCTepPCTBOTO 3a 3[paBCTBO U MHCTUTYTOT 3a
6esioApo6HU 3a60/1yBaba U Tyb6epKysio3a. [log npeBeH-
THUBHH MepKH cnaraaT: BCG BakIMHa, IpeBeHTHBHA Te-
panuja u xemuonpoduaakca, ¢ayorpapcko CHUMamE,
HCNUTYBake HAa PU3UYHU I'PYNH, UCIUTYBalke Ha KOH-
TAaKTHUTE WM KOHTpoJia Ha uHoeknujaTa. Co efeH 360p,
MPaBUIHOTO eflyljMpame Ha NoIyJialujaTa e co LjeJ a ce
MOCTUTHE HaBPeMEHO pearupame U OTKpUBake Ha TY-
6epkysio3a. JlekapcTBaTa Jia ce 3eMaart Mo/; KOHTPoJIa Ha
3/IpaBCTBEHU PabOTHUIM, OJJHOCHO nMpuMeHa Ha JJOTC
cTpaTerdjara coBeTyBaHa ofy CBeTcKaTa 3/ipaBCTBEHA Op-
raHusanuja.
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SUMMARY

PULMONARY TUBERCULOSIS AT THE AREA
BITOLA MUNICIPALITY FOR PERIOD 2007-2011
YEAR

Ilkovska Biljana?, Spoa Lidija?, Kotevska Bisera3, Mi-
levska Liljana*, Vrckovska Marija®
IClinical hospital, Bitola, ?Prison - Bitola, *Tocudan-
hospital, Sofija, Bugarija, “° Center of Public Health,
Bitola, R. Macedonia

It requires long and expensive treatment, causes
lengthy absences from work and a large percentage of dis-
ability, and despite the financial burden on the community,
the patient is a huge financial and emotional burden for its
family and for himself. The purpose of this work is to show
the prevalence of active pulmonary tuberculosis in ambu-
lance policlinic and dispensary activity at the area of Bitola
municipality. Material and method. The data obtained from
the Clinic hospital - Bitola and relate to the period of 2007-
2011 year. Results and discussion. The number of patients
with active pulmonary tuberculosis has been reduced from
31in 2007 to 12 in 2011. Participation of pulmonary tuber-
culosis in the total number of tuberculous disease is 95,9%.
From the results visible is gradually declining trend of mor-
bidity, with hesitation of amlitude of incidence and preva-
lence alternated from year to year and ranges from 28.5 per
100 000 population in 2007 to 11.3 in 2011. Similarly is also
with the reducing the number of newly registered patients.
Mortality from pulmonary tuberculosis is also declining
from 4.9 per 100,000 population in 2007 to 2.9 in 2011.
Conclusion. This parameters indicate successful implemen-
tation of measures for the prevention and suppression of
pulmonary tuberculosis in Bitola municipality. Further the
fight against this disease involves even greater engagement
of the health service and the community in general.

Keywords: pulmonary tuberculosis, health, social, eco-
nomic, problem.
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Abstract

Objective. Leptin, an important signal in the regulation of adipose-tissue mass and body
weight, operates by inhibiting food intake and stimulating energy expenditure. Overweight
and obese youth are at increased risk for premature cardiovascular disease. It’s well known
that the development of atherosclerosis begins in childhood and is accelerated in the
presence of obesity. Leptin plays an important role in the pathogenesis of obesity.

Results. Serum leptin levels were higher in overweight boys and girls compared to normal-
weight boys and girls respectively ( p< 0.001; p< 0.001 ). Serum leptin positively correlated
with BMI in all examined groups. Triglycerides were statistically significant higher in
overweight boys compared to normal-weight boys ( p<0.08). Overweight girls had
significantly higher LDL cholesterol ( p<0.006) and significantly lower HDL cholesterol (
(p,004) than normal-weight girls.

Conclusion: Overweight boys and girls had higher leptin levels. The BMI showed a high
correlation with leptin levels in all examined groups which suggests that BMI is the main
indicator for the variations of leptin level. The concentration of LDL and HDL cholesterol
differed only in the group of girls and triglycerides in the group of boys.

Keywords. Leptin, BMI, lipid parameters, children

BPEJIHOCTY HA JIENTHH, HMHJIEKC HA TEJECHA MACA H
HAPAMETPY HA JMIIUAEH CTATYC KAJ JELA OJI PEIYBJIMKA
MAKEJOHUJA

AIICTPAKT

e, JlenTuioT, 3HAYaCH CHIHAN BO PErYIMPAm-eTo Ha KONMYUHATA Ha MACHOTO TKHBO H
Ha TelecHara TEXKMHA, ICIyBa NPEKy HHXMOMIMja Ha 3¢MameTo HAa XpaHa M MpeKy
CTHMyJIALlHja HA TIOTPOLIYBAYKATA HA EHEPIUjaTa.

MiaggTe Tul@ co IPEKyMEepHa TEXMHA B OHHE KOH CC TOJa3HH CE M3/I0KCHH Ha 3TOJICMEH
pU3MK 32 TIPEJBPEMEHH  KapIUOBACKYyIapHH Gonectu. JoOpo € IO3HATO ACKA
aTepOCKIIepo3aTa 3aTlovHyBa BO JACTCTBOTO H C€ 3abp3yBa BO MPHCYCTBO Ha JeOCIMHATA.
JIeTITHHOT Urpa BakHA YJIOTa BO [ATOTeHe3aTa Ha JeberHaTa.

Pesynratm. HuBoTO Ha NenTHHOT Oemie IIOBHCOK BO CEpyMOT Ha MOMYHIbATA H

[eBOJUMELATA CO BO [OrojieMa TEXMHA BO CHOpPeada CO MOMUMELATA H JCBOJUMELATA CO
mopmanna texusa (p> 0,001 p <0.001 coomperno). HuBOTO Ha JENTHHOT [NO3WTHBHO
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xopenupa co BMU Bo cHTC HCIIMTAHK TPYIH. TpHALMITIANCPOTHTE Hea CTATHCTHURE
3HAYyajHO ITOBHCOKH Kaj MOMYHEbATa CO IOrojeMa TesxcHA BO OJHOC Ha MOM4YMIbATa CC
HOpMalHa TeXHHa (p <0.08).Kaj JeBojuMmaTa CO TorosemMa TEKHMHA yTBPAHBME
CTATHCTHYKY 3HATUTEIHO TIOBHCOKO HHABO Ha LDL- xonectepol (p <0.006) 1 CTATHCTHIKH
3HAYMTENIHO TOHMCKO HUBO Ha XJIJT —xonectepol (p< 0.004), B0 OIHOC HA JIEBOjYHEbATA CO
HOPMaJIHA TEKHHA.

3aknydok: MoMunmaTa 1 JleBOjUME>ATA CO TIPEKYMepHa TCHMHA H{MaaT TTOBUCOKO HHMBO Ha
nenTy. BMH nokaska  CTATHOTHHUKM AHAUHTCIHA AMCOKA KOpearuja co HpBoTO A
ENTHHOT BO CHTE MCITHTAHH TPYIH, [ITO spaun geka BMMY ¢ Tuapen noKasarel 38
Bapujaxmrne Ha HUBOTO Ha JIENITHHOT. QO MTUOUIHUTE napaM(—:Tpn s KOHILCHTDHI[Hj{\Ta Ha
LDL u ma HDL xonecTepoioT ¢e pasiuKyBa camo BO rpyrara Ha JCBOjKH CO IIPEKyMCpHa
TeXUEA BO OJHOC HA OHEE CO HOpMAHA Te;KMHa , 4 BO IpyliaTa MOMUMIbA pasinka Oere
yTBpJiEHa CaMO BO KOHIIEHTpaLjara Ha TPUALIAIITIIHLEPTTULICOTHTE

Kayusu 300poBH . Tlerrrun, BMUVL, MTUTIMJIHE TTAPaMeTPiL, aeua

Introduction:

Leptin, discovered in 1994, is a 167- amino acid protein produced by the leptin gene (LEP),
whose name is derived from the Greek word “leptos”, which means “thin.” Leptin, an
important signal in the regulation of adipose-tissue mass and body weight, operates by
inhibiting food intake and stimulating energy expenditure. Leptin is produced by the white
adipose tissue, the most frequent form of adipose tissue I mammals. It is also produced in
several other places including placenta, bone marrow, stomach, muscle, and perhaps brain,
thus increasing the number of potential regulatory roles for this hormone. (1) The amount of
body fat is the main determinant of the leptin circulating jevels. (2) Leptin is transported
across the blood-brain barrier. In the brain, leptin stimulates or inhibits release of several
neurotransmitters such as neuropeptide Y, melanin-concentrating hormonc, orexins alpha-
melanocyte-stimulating hormone etc. (3) Defects in leptin production causc severe obesity.
@

Obesity in child and adolescent population is a growing problem worldwide.  Also,
overweight and obese youth are at increased risk for premature cardiovascular discase. Itis

well known that the development of atherosclerosis begins 1n childhood and is accelerated in
the presence of obesity. (4)

The aim of this study is to examine the concentration of scrum leptin, BMI, and lipid
parameters in normal- and overweight children of the Republic of Macedonia.

Materials and Methods

This research was part of the cross-border project that was co-funded by the Buropean
Union and by the national funds of the participating countries under the IPA ‘cross-border

program “Greece — The Former Yugoslav Republic of Macedonia 2007-2013 “Using new
technologies to promote children health in the cross-border region”.

The study included 172 children (age 10.94+1.56 years) - 86 boys (age 10.92+1.47) and 86
girls (age 10.77+£1.53) - with body mass index (BMI) ranging from 20 to 41 kg/mZ. A
written informed consent was obtained from the parents of cach child included in the study.
Exclusion criteria were history of renal, hepatic, endocrine, and respiratory (with the

exception of asthma) disease.
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First, the parents filled out a questionnaire about the physical activity of their child. The

children had light indoor clothes and were barefooted during the measurement of their

height and weight. Their standing height was measured with stadiometer to the nearest 0.1

cm. Weight was measured using a digital weight scale with a precision of 0.1 kg. BMI was

calculated by dividing the weight by height squared (kg/mz). The authors used World Health

Organization (WHO) growth reference data for children 5-19 years of age, which included

weight, height, and BMI for these children. According to the BMI, the subjects were

divided into four groups: normal weight girls normal weight girls boys with BMI < 25
kg/'m2, and overweight boys and overweight girls with BMI > 25 kg/mz. £3)

The blood samples were taken after overnight fast (12 hours). Lipid parameters, such as total

cholesterol, HDL cholesterol, LDL cholesterol, and triacylglycerols were measured in fresh

sera by enzymatic methods, using biochemical analyzer Cobas Integra 400. Leptin was

determined by ELISA kit (Mercodia Leptin ELISA, Sweden).

The data are presented as mean = standard deviation (SD) and p < 0.05 is considered
statistically significant. The results were done with the SPSS version 16; statistical
significance was test with paired Student’s t-test, and Pearson correlation coefficient was
used for correlation of BMI and leptin levels.

Results

The concentration of leptin in all normal-weight children ranged from 2.07 ng/ml to 40.45
ng/ml (mean 8.04% 9.57). However, statistical analysis showed that normal-weight girls had
statistically higher leptin levels than normal-weight boys (p<0.001). Therefore, all 172
participants were divided in 4 groups: normal-weight (NW) girls, normal-weight (NW)
boys, overweight (OW) girls and overweight (OW) boys (n=43 each group).

The anthropometric characteristics of each group are shown in Table 1.

Table 1 Anthropometric characteristic of participants according to their sex and weight

Variables NW-girls OW-girls NW- boys OW-boys
n=43 n=43 a n=43 n=43 g

Age (years)  10,580,98 10955194  ns  gsup3p LLAELSA

Body mass 4328+5,17  73,24=1 7,20 &+ K
(kg)’ ; . 0.001 42,97+ 528 WLy
. 1.47+1.20 1.4941.26 B2+
Height ( m) ns 1 50:4£1.39 1324 ns
. 21,84+1,41 29.70£3,78 ,88+4,7
BMI( kg/m?) e 0.005 21,98+1,47 BT, Bhia00 0.005
Waist 60,48 76,3+7,21 0.001  59,51+891  73,61£6,32  0.005
clreumlerence £9,91
(cm)
Hip 76,78+ 83,42+9,36  0.001  72,79+8,37 80,15+8,96 .002
circumference 8,91
‘(cm)

NW —normal weight; OW- overweight ; p.> 0. 05-statistical significant

81
Physioacta Vol.7-No.3



https://www.tracker-software.com/product/pdf-xchange-editor
https://www.tracker-software.com/product/pdf-xchange-editor

Ilkovska B at al.

Table shows that BMI, waist and hip circumference are statistically significantly high_
overweight girls (p<0.005; p<0.001; and p< 0.001) and overweight boys (p< 0.005; p<
0.005; p< 0.00), compared to normal-weight girls and boys, respectively.

y correlate with BMI in normal-weight and overweight girls

Serum leptin levels significantl
pectively.

(Fig. 1 A and B) and in normal-weight and overweight boys (Fig. 2 A and B), res
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Figure 1 Correlation between leptin level and BMI in normal weight girls (=0,355;
p<0,020) (A) and overweight girls (r=0.608;p< 0.001) (B)
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Correlation between leptin level and BMI in normal weight boys ( = 0.794,

Figure 2
p< 0.041) (A) and overweight boys (r=0.756;p< 0.00 1) (B)
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Obesity has become one of the leading public health
concern. Over one billion people are overweight or obese and
the prevalence of these conditions is growing constantly. This
review presents an overview of the endocrine functions of
adipose tissue, the role of gut hormones and their associated
neuronal networks (the gut-brain axis) in appetite control.
Recent studies have improved our understanding of energy
homeostasis by identifying sophisticated neurohumoral
networks that transmit signals between the brain and gut to
control food intake. Key adipokines, such as, leptin,
adiponectin, interleukin-6, plasminogen activator inhibitor-1,
resistin, tumor necrosis factor-a, adipsin and acylation
stimulating protein, macrophages and monocyte
chemoattractant protein-1, plasma renin, plasma angiotensin -
converting enzyme and angiotensinogen linked with pituitary
neuropeptide system began to clarify. Gut hormones, such as,
cholecystokinin, ghrelin, peptide YY, pancreatic polypeptide,
glucagon-like peptide-1, oxyntomodulin, ghrelin, insulin,
glucagon, obestatin, amylin are modulated by acute food
ingestion. This article highlights some of the recent findings and
their implications for the future treatment of obesity, but there
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are currently no effective pharmacological interventions for
obesity.

© 2013 Sjournals. All rights reserved.

1. Introduction

At the moment one of the greatest global problems is obesity. It represents a condition of
increased fat tissue, or excessive accumulation of triglycerides in the fatty tissues, as a
consequence of the increased food intake than the actual energy consumption and the lowered
physical activity from the mostly sitting life-style (Paracchini et al., 2005). In 1985 the World
Health Organization (WHO) defined obesity as a condition with body mass index (BMI) larger
than 30.0 for men and larger than 28.6 for women (World Health Organisation, 1985). The Body
Mass Index is calculated according to the standard formula — mass in kg divided with the square
of height in m. Although, women have less bone and muscular tissue, they usually have a little
more subcutaneous fatty tissue, but these subtleties are usually ignored during the standardized
approach. Similarly, the muscle and bone weight are lowered with age, but these characteristics
are not taken into account when defining the term. It should be emphasized that the waist —
hips ratio (normally under 0.95 for men and under 0.85 for women) is generally a better
prognostic indicator of the disease than the Body Mass Index (Paracchini et al., 2005). Never
before in history has there been such an abundance of energy-rich, highly processed foods, as it
has today (Sunye et al., 2002). The epidemic of obesity is a consequence of the economic, social
and technological progress achieved during the previous few decades (Guyton et al, 2003). This
so called nutritional transition combined with the more inactive life style promotes an
environment which creates obesity (Sunye et al., 2002). More at risk of increased body mass and
obesity are women, older people, members of minority groups and people with low
socioeconomic status (Guyton et al, 2003). Obesity is not only an esthetical problem, but health
problem also because it represents a risk factor for occurrence and development of diabetes
mellitus type 2, vascular diseases, osteoarthritis, sleep apnoea and malignity (Silva et al., 2012).
Obesity can be obtained as a result of a specific hormonal imbalance (Cushing’s disease), and
usual reasons are the mutations of specific genes. It can be monogenic or polygenic, but it is
concluded that the polygenic forms are more common (Srivastava et al., 2007). For some
genetic syndromes as Prader — Willi syndrome, Angelman syndrome and Wilson — Turner
syndrome, obesity is only one symptom of many manifestations that are within the relating
syndromes. Obesity might even be psychogenic. Testing of obese patients has shown that the
vast percentage of obesity is consequence of psychological factors, and the reasons are stressful
situations, and it is considered that food intake usually lowers tension. Obesities pathogenesis is
complex and has interactions between, sex, age, race, socio-economic status, living
environment, behaviour, ethnicity, genetic factors and others (Guyton et al, 2003). According to
World Health Organization there are around one billion overweight people (Body Mass Index
over 25 kg/m2), and 300 million of them are considered clinically obese (World Health
Organization., 2000). It is supposed that 40% of adults might be obese by 2025 nationwide (Silva
et al., 2012). Overweight and obesity are fifth leading risk factor for global mortality. At least 2,8
million people die each year as a result of overweight and obesity. Around 44% of diabetics, 23%
of patients with ischemic heart disease and between 7% - 41% of cancer patients are obese.

In the thesis we will summarize our understandings of the pathophysiology of obesity, we
will provide integrated perspective of how the metabolic signals which are synthesized in the
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gastrointestinal tract, fatty tissue and other peripheral organs affect the brain and feeding
centre, energy consumption and body weight.

2. Selection of studies

Electronic data base MEDLINE and PubMed were searched (research, 01. November 2013).
Research strategy was conducted for all results of interest. The researched terms were,
“obesity”, “fatty tissue”, “adipocytes”, “intestine hormones”, “appetite”, “Body Mass Index”.
Mesh titles were used, where it was possible. The research was limited on articles published in
English language. The research was limited on people, date of publish was limited to 10 years.
We limited the review on healthy individuals and overweight children. The extracted references
are verified by the title and abstracts for inclusion and exclusion, according to the following
criteria. Inclusion criteria, fatty tissue, adipocytes, red hormones, appetite, body mass index,
obesity, hips size, waist — hips ratio, every ethnic group and each population of people.

Exclusion criteria, studies that do not meet inclusion criteria; studies that included research
of animal models. All inclusion studies were extracted as a complete text and were evaluated
again for inclusion and exclusion. The process of inclusion and exclusion was carried according
to predetermined criteria by two independent reviewers and trough discussion a consensus was
achieved. Total of 175 340 theses were found during the research in the electronic data bases.
Forty nine studies met the criteria for inclusion and exclusion and were available as documents
with a complete text. Twenty seven of them were included in the preparation of this revial
thesis.

3. Central nervous system and appetite regulation

Appetite means desire for a specific type of food and helps in the choice of quality food. If
the desire for food is satisfied, feeling of satiation appears (Guyton et al, 2003). The
gastrointestinal tract — brain axis controls appetite through neural and hormonal signals. With
the entry of the nutrients, the small intestine releases peptides that act as negative feedback for
lowering the size of the meal and feeding discontinuation (Figure 1).

Gut mechanoreceptors Visual & olfactory

e.g., stretch input
Leptin Food reward
\ & memory
Socio-
Insulm——) Food intake |<__economlc
factors
o i 2
Anorectic Nutrients
gut hormones Orexigenic

gut hormones

Fig. 1. The major determinants of appetite control (Silva et al., 2012).
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Hormones and cytokines excreted from the peripheral organs have long-lasting effects
upon the energy balance with control upon the reception of food and energy consumption.
Neurons that are included in the regulation of homeostasis of nutrition are mainly located in the
hypothalamus and the brainstem. The nucleus which is arc shaped located in the hypothalamus
receives signals from the periphery. These signals act on two different neuronal population
coding. First population that expresses agouti-related peptide (AgRP) and neuropeptide Y (NPY),
stimulates the food intake; and the second neuron population, that contains pro-
opiomelanocortin (POMC), cocaine — amphetamine regulated transcript (CART), inhibits the
appetite (Figure 2 ).

Hypothalamus Brainstem
PVN
Input
oevea CRF from
Bitisitary TRH ccK
- 4 limb GLPI etc.
ortex and limbic
S 7 ARc N\
NPY POMC LHA
AgRP CART || ™=

/ MCH
Orexins

Sympathetic

nervous system

/ \ |

Periphery Leptin Ghrelin Nutrient
Insulin PYY signals
GLP1
Oxm
PP

Fig. 2. Schematic representation of appetite control—actions of gut hormones and long term
adiposity signals on neuronal populations in the arcuate nucleus and the integrated response of
anorexigenic and orexigenic populations of neurones in the hypothalamus. ARC, arcuate
nucleus; PVN, paraventricular nucleus; LHA, lateral hypothalamic area; CRF, corticotroph
releasing factor; TRH, thyrotropin releasing factor (form part of integration with energy
expenditure); NPY, neuropeptide Y; AgRP, agouti related peptide; POMC, proopiomelanocortin;
CART, cocaine and amphetamine regulated transcript; MCH, melanin concentrating hormone;
CCK, cholecystokinin; GLP-1, glucagon-like peptide 1; PYY, peptide YY; Oxm, oxyntomodulin; PP,
pancreatic polypeptide (Druce et al., 2006).

Pro-opiomelanocortin is a precursor of alfa-melanocyte-stimulating hormone (a-MSH) that
influences upon the receptor of melanocortin (MC4R), which decreases food consumption
(Schwartz et al., 2000).

4. Adipose tissue, active endocrine organ and obesity
Adipose tissue is highly active metabolic and endocrine organ, which is essential for

regulation of body weight (Kershaw et al., 2004 ). It is composed of cells filled with triglycerides
(adipocytes), preadipocytes — adipocytes precursor, stromal cells, immune cells, collagen
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network, fibroblasts, macrophages and blood vessels. These components work together as one
integrated unit (Frayn et al., 2003). Except for the basic function of storage and release of
energy, fatty tissue contains a metabolic apparatus that enables communication with further
organs including CNS. Through this interactive network, fatty tissue is integral included in
coordinating with different biological processes, including energy metabolism, neuroendocrine
function and functions of the immunological system (Tartaglia et al., 1995). The endocrine
function of the fatty tissues is particularly emphasized in unwanted metabolic consequence —
excessive fatty tissue or obesity. Excessive fatty tissue, particularly in the visceral parts is
associated with insulin resistance, hyperglycaemia, dyslipidemia, elevated blood pressure and
with prothrombotic and proinflammatory state (Grundy et al., 2004). Fatty tissue secretes great
number of different peptides, also known as adipokines which operate on local (autocrine /
paracrine) and systemic (endocrine) level and have a wide biological activity. They control
feeding, energy balance, neuroendocrine and other functions (Table 1).

Table 1
Examples of adipocyte-derived proteins with endocrine functions (Kershaw et al.,
2004).
Cytokines and cytokine-related proteins Leptin
TNFa
IL-6
Other immune-related proteins MCP-1
Proteins involved in the fibrinolytic system PAI-1
Tissue factor
Complement and complement-related Adipsin (complement factor D)
proteins
Complement factor B
ASP
Adiponectin
Lipids and proteins for lipid metabolism or Lipoprotein lipase (LPL)
transport
Cholesterol ester transfer protein
(CETP)
Apolipoprotein E
NEFAs
Enzymes involved in steroid metabolism Cytochrome P450-dependent
aromatase
17BHSD
11BHSD1
Proteins of the RAS AGT
Other proteins Resistin

Protein and cytokine molecules which are created in the fatty tissue are, leptin,
adiponectin, angiotensine, atrial natriuretic peptide, cholesteryl ester transferase, estrogen,
fatty-acid-binding-proteins ap2 FFA / Glicerol, IGF — binding proteins 3 (IGFBP — 3), insulin as
growth factor — 1 (IGF — 1) interleukin — 1 beta, interleukin — 6 (IL — 6), interleukin — 8 (IL — 8),
lipoprotein lipase — Monobutyrin, PAIl — 1, resistin, retinol binding protein — 4, sterol regulatory
elements, TNF-a, visfatin and others (Kershaw et al., 2004).

4.1. Leptin
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Discovery of leptin by Friedman and his colleagues in 1994 was an event that was
groundbreaking in the research field of obesity. Leptin (Greek leptos, meaning thin) is a 16-kDa
polypeptide that contains 167 amino acids and is similar to cytokines structurally (Kershaw et
al., 2004). LEP gene, which encodes leptin, is localized in chromosome 7aplpha31.3 and is
composed of three exons and two introns (Paracchini et al., 2005). It is manufactured primarily
in adipocytes of white fatty tissue and is proportional with (to) the total amount of fat tissue,
and with nutrition status (Fain et al., 2004). Leptin, in small amounts, is synthesized in other
tissues of the human body, stomach, heart, epithelium in the mammary gland and the placenta.
Leptin manifests its effects through receptors (OBR) which are mostly localized in the
hypothalamus and cerebellum, but it can be also found in the placenta, vascular tissue, stomach
and brain (El-Atat et al., 2003). Leptin crosses the blood-brain barrier, connects to the receptor
localized in the hypothalamus, inhibits the hunger feeling and increases energy consumption
level and thus plays a major role in the establishment of energy balance (El-Atat et al., 2003). It
lowers obesity through lowering appetite and increasing thermo genesis (Schwartz et al., 2000).
Leptin, acting upon its receptor in the hypothalamus, activates the neurons of pro —
opiomelanocortin (POMC), cocaine — amphetamine regulated transcript (CART) and inhibits
neurons on neuropeptide Y (NPY) and agouti — related protein (AgRP). These pathways are
interacting with other brain centre to coordinate appetite (Bils et al., 2009). Leptin signals are
transported by JAK/STAT mechanism which takes place as it follows, the leptin receptor
phospohrylates under the influence of Janus kinase enzyme (JAK), bonts with STAT — proteins
(Signal transducers and activators of transduction)) which further phosphorylate under the
influence of the same enzyme. Phospholytatet STAT — proteins enter the nucleus bonding with
specific DNA sequences thus regulating the expression of specific genes. Leptin functions upon
the principle of negative feedback, causing stimulation of hunger sense upon low concentrations
and its inhibition upon high concentrations (Tanaskoska et al.,2009). It is assumed that increased
body weight results with reduction of leptin activity upon leptin receptors in hypothalamus
otherwise known as “leptin resistance” i.e. the effect of leptin in reducing the appetite and
increasing the energy consumption is obstructed. Because of these, for obese individuals,
despite high concentrations of leptin, it is observant positive energetic balance accompanied
with increase of body weight (Tanaskoska et al.,2009). Deficiency of leptin receptor is rare,
thereby the person is born with normal birth weight but shows quick weight gain in the first few
months of life, which results with overweight obesity. It is characterized with expressed
hyperphagia with needs for food and aggressive behaviour when food is not given. Energy input
during meal by personal choice is increased significantly for persons with leptin and leptin
receptor deficiency (Bils et al., 2009). According to the newest studies, leptin is recognized as
one of the most sensitive adipokines markers for prediction of accumulation of risk factors for
cardiovascular diseases and metabolic syndrome on adolescents (Arslan et al.,, 2010). Some
other endocrine functions of leptin include regulation of the function of the immune system,
haematopoiesis, angiogenesis, creation of bone tissue and wound healing (Margetic et al.,
2002).

4.2. Adiponectin

Adiponectin is discovered in 1995 and 1996 by four groups of scientists using different
methods, hence the different names, apM1 (adipose most widespread gene transcript 1),
Acrp30 (adipocytes related to proteins of 30 kDa), adipoQ and GBP28 (gelatine binding protein
of 28 kDa (Maeda et al., 1996, Scherer et al., 1995, Nakano et al., 1996, Hu et al., 1996). It is one
of a kind specific protein of fatty tissue, with MM 30-kDa, that has a structural homology to
collagen type VIl and X complement Clq factor. Adiponectin is composed of N-terminal signal
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sequence, variable domain, domain similar to the collagen and C-terminal tail domain. It
circulates in the human plasma in great amounts (Diez et al., 2003). Adiponectin expression and
secretion is increased by activators PPAR-y (Stefan et al., 2002). Adiponectin has powerful anti-
inflammatory and anti-atherosclerotic influence (Goldstein et al., 2004), including inhibition of
expression of TNF-a that induces endothelial adhesion, transformation of macrophages to foam
cells, TNF-a expression in macrophages and fat tissue and smooth muscle cell proliferation
(Ouchi et al., 2003). Producing is lowered by insulin resistance, showing that
hypoadiponectinemia level is more related to the level of insulin resistance and
hyperinsulinemia than to the level obesity and glucose intolerance (Weyer et al., 2001). Two
adiponectin receptors are identified — AdipoR1 and AdipoR2 (Yamauchi et al., 2003). A strong
and consistent inverse relation is determined between adiponectin and insulin resistance and
inflammatory conditions. The concentration of adiponectin is reduced during obesity and is
increased during hunger. Further more several polymorphisms in the adiponectin gene are
associated with obesity and insulin resistance (30). Mechanisms of influence of adiponectin
(Diez et al., 2003, Chandran et al., 2003) in the liver - adiponectin improves insulin sensitivity,
reduces the intake of non-esterified fatty acids, increases the oxidation of fatty acids and
reduces the export of glucose from the liver. In muscles, adiponectin stimulates glucose
utilization and fatty acid oxidation. In vascular walls adiponectin, inhibits monocyte adhesion by
reducing the expression of adhesion molecules thus inhibiting macrophageal cells
transformation into foam cells and reduced proliferation of smooth muscle cells migrating in
response to growth hormone. Adiponectin increases synthesis of nitric oxides in endothelial
cells and stimulates angiogenesis. These effects are mediated with increased phosphorylation of
the insulin receptor, activation of AMP-activated protein kinase and modulation of core factor
kB(Diez et al., 2003, Chandran et al., 2003). Considering the above effects it can be concluded
that adiponectin is the only hormone secreted by adipocytes with anti-diabetes, anti-
inflammatory and anti-atherogenic effects(Chandran et al., 2003) .

4.3. Interleukin-6

Interleukin - 6 (IL—6) is a cytokine associated with obesity and insulin resistance in adults
and children (Yeste et al., 2007). Secretion of IL-6 is two to three times higher in visceral
compared to subcutaneous fat. It circulates in blood in multiple glycosylated forms, sized from
22 to 27 kDa. The receptor for IL-6 in fatty tissue is homologous to the leptin receptor (Arslan et
al., 2010).

Circulating level of IL-6 positively correlates obesity and impaired glucose tolerance and
insulin resistance; it has been noticed that loss of body weight decreases levels of concentration
of IL-6. Moreover, plasma concentration of IL-6 predicts the development of type 2 diabetes and
cardiovascular disease. IL-6 inhibits adipogenesis and reduces the secretion of adiponectin.
These effects of IL-6 confirm its role in the development of obesity and insulin resistance
(Fernandez-Real et al., 2003).

4.4. Tumour necrosis factor alpha, TNF — a

The 26-kDa is a transmembrane protein that manifests its effects through type | and type I
TNFa receptors. It is a cytokine originally described as endotoxin induced factor that causes
necrosis of tumors, and later it was proved to be identical with cachexin, secreted factor by
macrophages (Ruan et al., 2003). TNFa is secreted by adipocytes and stromal vascular cells.
Although, initially it was suspected to play a role in cachexia, today it is known that it correlates
positively with obesity and insulin resistance and inflammatory changes in vascular tissue
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resulting in endothelial disfunction and the development of atherosclerosis and elevated blood
pressure (Hotamisligil, 2003, Hotamisligil, et al., 1993)

4.5. Monocyte and macrophages chemoattractant protein (MCP) - 1

Obesity is associated with increased infiltration of macrophages in adipose tissue. Activated
macrophages secrete mediators of inflammation, such as IL-6 and TNFa, which contribute to
insulin resistance (Wellen et al., 2003, Weisberg et al., 2003, Xu et al., 2003). Adipose tissue
secretes MCP-1, chemokine that attracts monocytes to the inflamed area (Wellen et al., 2003).
Moreover, it is demonstrated on cultured, in vitro, cells that MCP-1 reduces glucose intake
stimulated by insulin and tyrosine phosphorylation of the insulin receptor to induce insulin. Thus
MCP-1 contributes to insulin resistance in adipose tissue (Sartipy et al., 2003).

4.6. Plasminogen activator inhibitor — 1, PAI-1

Adipose tissue secretes several proteins involved in the coagulation system or fibrinolysis,
including tissue factor and plasminogen activator inhibitor-1, PAI-1 (Mertens et al., 2002).
Secretion of PAI-1 is greater than visceral compared to subcutaneous adipose tissue (Fain et al.,
2004). PAI-1 is an inhibitory member of the family of serine proteases and is the primary
physiological inhibitor of fibrinolysis by deactivating urokinase and tissue plasminogen activator
in blood and is known to contribute to thrombus formation and the development of acute and
chronic cardiovascular diseases. Plasma levels of PAI-1 are regulated upon genetic basis and the
accumulation of visceral fat is considered as a major regulator of PAI-1. Plasma level of PAI-1 are
elevated in obesity and insulin resistance and positively correlate with the occurrence of
metabolic syndrome and also they are predictors of risk of diabetes type -2 and cardiovascular
disease (Mertens et al., 2002, Juhan-Vague et al., 2003). It is assumed that PAI-1 may not only
be increased in response to obesity and insulin resistance, but may also have a direct role in the
occurrence of obesity and insulin resistance (Sikaris, 2004). It is established that TNF-a
contributes to elevated PAI-1 levels in obese people and people with insulin resistance (Fain et
al., 2004). PAI-1 is also involved in other biological processes, including angiogenesis and
atherogenesis (Kershaw et al., 2004).

4.7. Resistin

Resistin (insulin resistance) is a 12-kDa polypeptide (Sikaris, 2004) that belongs to the only
protein family that is cysteine-rich residues of C-ends (Kershaw et al., 2004). It is considered that
resistin has pro-diabetogenesis ability. Although evidence exists that (that )circulating levels of
resistin are proportional to the degree of obesity (Sikaris, 2004) and the distribution of fat, the
levels are not in proportion to the degree of insulin resistance (Steppan et al., 2004, Courten et
al., 2004, Heilbronn et al., 2004).

4.8. Adipsine and Acylation stimulating protein

Adipsine (complement D), serine protease, is one of the complement components that are
obtained in adipose tissue that is required for enzymic creation of protein that stimulates
acylation (ASP). Adipsine and ASP, have an impact on the metabolism of lipids and
carbohydrates (Cianflone et al., 2003). They positively correlate with obesity, insulin resistance,
dyslipidemia and cardiovascular diseases (Cianflone et al., 2003)

4.9. Proteins of renin-angiotensin system (RAS)
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Several proteins of the classical renin-angiotensin system are produced in adipose tissue,
such as renin, angiotensinogen (AGT), angiotensin |, angiotensin Il, angiotensin receptor type 1
(AT1) and type 2 (AT2), angiotensin-converting enzyme (ACE ) and other proteases capable of
producing angiotensin Il. Plasma renin activity, plasma angiotensin-converting enzyme activity
and adipose tissue angiotensinogen are positively correlated with obesity (Engeli et al., 2003,
Goossens et al., 2003)

5. Role of the hormones of gastrointestinal tract in pathogenesis of obesity

Gastrointestinal tract function is not only as a conduit for food, but also is essential for
digestion and absorption of nutrients. Visual, olfactory and taste signals stimulate exocrine and
endocrine secretions and stomach motility even before food enters the mouth. Swallowing
stimulates mechanoreceptors, resulting in a coordinated series of distension, digestion and
absorption of nutrients (Ahima et al., 2008 ). When the stomach and duodenum are stretched
during the food intake, strain causes transmitting signals through the nervus vagus, in order to
block the centre for food intake and reduce the desire for food (Guyton et al, 2003).

Appetite is controlled by intestinal hormones also. The gastrointestinal tract is the largest
endocrine organ in the body that secretes over 30 different regulatory peptide hormones (Table
2).

Content of imported food stimulates intestinal secretion of many of these intestinal
hormones which interact with receptors located at various points in the "stomach — brain axis"
and thus affects the short-term and long-term sense of hunger and satiety (Silva et al., 2012).
Hormones that are secreted by the gastrointestinal tract and affect the appetite centre in the
hypothalamus and satiety are the following.

Table 2
The Major Gut Hormones Involved in Appetite Regulation (Silva et al., 2012).

Hormone Site of secretion Major receptors Major actions

Anorectic PYY Gastrointestinal L cells Y, Delays gasiric emptying
Vagal and CNS effects

GLP-1 Gastrointestinal L cells GLP-1 Glucose dependant insulin release
Delays gastric emplying
Vagal and CNS effecs

Oxyntomaodulin Gastrointestinal L cells GLP-1/? other Glueose dependant insulin release
Delays gastric emptying
Vagal and CN5 effects

Ulucagon Pancreatic o cells Ulucagon Uluconengenesis
(Glycogenolysis
l'hnlrrysmk[nin Intestinal | cells CCk 2 Grall bladder contraction

Delays gastric emprying
Pancreatic enzyme secretion

Pancreatic polypeptide  Pancreatic PP cells Y, Delays gastric emprying

Amylin Pancreatic [ cells AMY Inhihits gastric secretion

Delays gastric emprying

Decreases blood glucose

Orexigenic Ghrelin Gastric fundal A cells GHS-R Increases gastric motility
Growth hormone release
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Ghrelin is the first known hormone that stimulates appetite (Tschop et al., 2000). Ghrelin is
acylated 28-amino-acid peptide, which is mainly secreted by oxyntic stomach glands, circulates
in the blood and activates NPY / AgRP neurons in arcuate nucleus (Inui, 2001). Gastrectomy
resulted in 80% reduction in plasma levels of ghrelin, and the remaining 20% is excreted from
the small intestine, pancreas, pituitary gland and colon (Hosoda et al., 2006). Ghrelin is included
in short-term and long-term regulation of the appetite and the body weight. Circulating levels
rise sharply before feeding and decrease after meals (Cummings et al., 2001).

In humans, ghrelin has a diurnal rhythm, which is identical with the daily rhythm of leptin,
so that both hormones are elevated during the day to reach its peak at 13 pm, then their level
decreases, so the minimum occurs around 21 h (Cummings et al., 2001). In adults, the level of
ghrelin is inversely proportional to body mass index (Druce et al., 2006). The concentration of
ghrelin is influenced by pubertal development. It causes positive energy balans, stimulates food
intake and reduces energy consumption. Levels are reduced in obese individuals, with the
exception of patients with Prader-Willi syndrome, and increased in anorexia nervosa (Otto et al.,
2000), low-calorie food (Nakazato et al., 2001), in cachexia caused by malignant diseases (Wisse
et al., 2001).

5.2. Peptide YY (PYY)

Peptide YY is a hormone that suppresses appetite. Peptide YY (PYY, peptide tyrosine
tyrosine) belongs to the PP family that includes neuropeptide Y (NPY) and pancreatic
polypeptide (PP). Peptide YY is built of 36 amino acids; it is secreted by L-cells of the
gastrointestinal tract, with maximum concentrations in the terminal ileum, colon and rectum. Its
name comes from its tyrosine (Y) residues in both the N and S ends. PYY is released after a meal
and mediates postprandial satiety, reducing appetite and (lose) weight loss (Srivastava et al.,
2007). Two endogenous forms, PYY1-36 and PYY3-36 are released postprandially into the
circulation. After the meal, circulating levels of PYY3-36 are elevated within 15 minutes, the
peak is around 90 minutes, and remains elevated up to 6 hours. The size of the elevated PYY3-36
is in proportion to calories (Silva et al., 2012). Obese people have lower basal levels of PYY and
reduced postprandial levels but remain sensitive to the inhibitory effects on appetite after the
exogene administration. Thus PYY 3-36 could represent candidate targets for therapy for obesity
(Batterham et al., 2003).

5.3. Glucagon-like peptide — 1 (GLP-1)

Proglucagon is 160 amino acidic prohormone which is generated from a-cells of the
pancreas and L-cells of the distal parts of the digestive tract and CNS. Selective post-
translational proteolysis of proglucagon from prohormone convertase 1 and 2 results in specific
tissue synthesis of many biologically active fragments. GLP-1 is released after eating, by L-cells of
the stomach in proportion to the amount of food consumed and affects the pancreas to release
insulin (Ghatei et al.,, 1983). GLP-, manifests its influence through G-protein bonded GLP-1
receptor located in the pancreatic islets where GLP-1 acts as an incretin hormone. It amplifies
the postprandial excretion of insulin, inhibits glucagon secretion, and slows gastric emptying
(Gutniak et al., 1992). Intravenous intake of GLP-1 inhibits food intake in healthy individuals,
diabetics and obese individuals (Verdich et al., 2001). Secretion of GLP-1 is reduced in obese
people and by reducing body mass, levels are normalized. Decreased secretion of GLP-1 may
contribute to the pathogenesis of obesity (Verdich et al., 2001, Naslund et al., 2004)

5.4. Oxyntomodulin (Oxm)
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Oxyntomodulin is a 37-amino acid peptide (Bataille et al., 1981), obtained by processing
preproglucagon in the intestines and brain and is released after a meal in proportion to the
amount of ingested food (Druce et al., 2006). OXM has a suppressive effect on appetite and GLP-
1 but with a much weaker effect, at the same time, it inhibits gastric secretion of hydrochlorid
acid and delays gastric emptying (Schjoldager et al., 1989).

5.5. Cholecystokinin (CCK)

Cholecystokinin is the first intestinal hormone that was discovered in the role of control of
appetite (Gibbs et al., 1973). Plasma levels of CCK rise within 15 minutes after intaking the meal.
It has a short plasma half-life - a few minutes. Its effect manifests through two subtypes of CCK
receptors - CCK1 and CCK2 receptors, previously classified as CCK A and CCK B. CCK 1 and 2
receptors are widely distributed in the brain including the brain stem and hypothalamus.
Appetite — suppressive effect of CCK appears to be partly mediated by CCK1 receptors on vagal
nerve (Suzuki et al., 2012).

It is dominantly released in response to fats intake in duodenum and has a strong direct
impact upon the centre for food intake reducing the further food intake (Guyton et al, 2003).
Stimulates contractions of the gallbladder, pancreatic secretion and peristalsis of the intestines
(Schjoldager et al., 1989), stimulates and delayed gastric emptying (Suzuki et al., 2012).

5.6. Pancreatic polypeptide (PP)

Pancreatic polypeptide is secreted from PP-cells in Langerhans islets as a response of food
intake. It was/is built from a chain of 36 amino acids (Michel et al., 1998). PP has appetite-
suppressive effect and its levels are lower in obese individuals (Adrian et al.,, 1976). Plasma
levels of PP have diurnal variation, thus, the lowest levels are seen in the early morning and
highest in the evening (Suzuki et al., 2012).Circulating PP levels are inversely proportional to
obesity; higher values of PP are published for people with anorexia nervosa (Uhe et al., 1992).
Some, but not all studies have shown a significant reduction in circulating levels of PP in obese
individuals (Suzuki et al., 2012). Moreover, it is known that obese individuals with Rrader-Willi
syndrome have a reduced release of PP in the basal and postprandial conditions (Zipf et al.,
1983).

5.7. Obestatin

Obestatin is a 23 amino acid peptide hormone produced by posttranslational split of
preproghrelin and is released from the stomach (Zhao et al., 2008). In rodents is found that,
unlike ghrelin that stimulates appetite, obestatin suppresses the appetite by reducing food
intake, delayed gastric emptying and decrease in body mass (Lacquaniti et al., 2011). However,
the potential of appetite suppression remains controversial because other investigators have
failed to confirm this effect (Gourcerol et al., 2007, Lacquaniti et al., 2011, Zhao et al., 2008)

5.8. Amilin

Amilin functions as a suppressive hormone of appetite. Circulating levels of amilin are
higher for obese persons compared to skinny individuals (Reinehr et al., 2007, Reda et al., 2002).
It lowers the food intake and lowers the body weight (Lenard et al., 2008).

6. Hormones secreted by the pancreas

6.1. Insulin
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It is synthesized in the beta cells of the pancreas, it is secreted rapidly after feeding and has
hypoglycemic effect (Suzuki et al., 2012). Insulin, together with leptin acts as an appetite
suppressive signal in the arc shaped core (Suzuki et al., 2012), reducing food intake (Lenard et
al., 2008). It participates in long-term regulation of energy balance (Suzuki et al., 2012).
Circulating levels of insulin and leptin are positively correlated with body fat mass (Suzuki et al.,
2012).

6.2. Glucagon

It is produced by the alpha cells of the pancreatic islets and increases the concentration of
glucose in response to hypoglycemia. Glucagon enhances the physiological response of the body
during stress by increasing energy consumption. It reduces food intake and body weight, but
causes hyperglycemia (Suzuki et al., 2012).

7. Obesity treatment
7.1. Physical activity

Loss of body mass in many obese persons/people may be increased with the intensification
of physical activity. More exercise means better daily energy consumption and quicker decrease
of obesity (Guyton et al, 2003).

7.2. Drug treatment

Different medicines to reduce hunger are used in the treatment of obesity. Some of them
are, Amphetamine-that directly inhibits eating centre in the brain; Sibutramine — it is a
sympathicomimetic which reduces food intake and increases energy consumption (Guyton et al,
2003), but has several side effects such as tachycardia and hypertension (Druce et al., 2006),
and that is why it was recently withdrawn from the market (Silva et al., 2012).
Currently the only licensed pharmacological treatment for obesity is Orlistat, an inhibitor of
intestinal lipase; it works by altering the lipid metabolism reducing the intestinal digestion of
fats. This causes part of the input to lose fat in the faeces and also reduces the absorption of
energy. However, the loss of fat through the faeces can cause unpleasant gastrointestinal side
effects as (are) loss of liposoluble vitamins through faeces(Guyton et al, 2003).

The role of intestine hormones in appetite control is studied for over 30 years, with a clear
demonstration that they have a role in mediating the postprandial satiety. Appetite suppressive
intestinal hormones, such as PYY and GLP-1 play an important role in reducing the food intake,
but still do not have application (Schwartz et al., 2000).

7.3. Surgical treatment of obesity

Three surgical procedures are in use at the moment, gastric restriction, gastric bypass and
biliopancreatic diversion (Druce et al., 2006). Bariatric surgeries are procedures that are based
on malabsorption, include Jejunoileal bypass, resulting in reduced absorption of nutrients by
shortening the length of the functioning large intestine and allowing nutrients to pass directly
from the proximal jejunum to the terminal ileum. Roux-en-Y gastric bypass (RYGB) is a combined
restrictive and malabsorption procedure that provides long-term weight loss with an acceptable
level of risk. RYGB achieves its beneficial effects through BRAVE effects, change in bile flow,
reducing the size of the stomach, anatomical rearrangement of the stomach, changes the flow
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of nutrients, vagal manipulation and subsequent modulation of enteric gastrointestinal
hormones (Suzuki et al., 2012).

7.4. Stomach microflora

The potential link between stomach microflora and pathogenesis of obesity has been
recently discovered. The stomach contains 1000-1150 bacterial species called stomach
microflora. In a randomized, double-blind, parallel, placebo-controlled study to evaluate the
effect of probiotics on plasma levels of intestine hormones, 10 healthy subjects received either
16 g probiotics /a day or 16 g maltose dextrin /a day for 2 weeks. On the people treated with
probiotics, increased gastric microflora was noticed, increased fermentation, decreased
appetite, improved postprandial response to glucose and increased plasma levels of GLP-1 and
PYY. Adjustment to probiotics led to certain modulations of gastric mikroflora. Studies suggest
(suggest) that gastric microflora may be associated with development of obesity and probiotics
are the new treatments for obesity. These observations may help to develop new
pharmacological strategy for patients with overweight (Suzuki et al., 2012).

8. Conclusion

Overweight as a phenomenon has a growing trend in modern society, especially in
developed countries. Body mass index, although it is not an ideal parameter, nevertheless is
accepted as an indicator of obesity. The control of obesity involves large number of hormones,
proteins, adipokines, cytokines and other substances suppressing the appetite, in contrast, the
number of appetite stimulators is reduced to one - ghrelin. It is important to have a practical
approach to the investigation and treatment of patients with obesity because they are at
greater risk of morbidity and mortality. The need to treat excessively obese patients in
recognized centres will increase the need to cooperate with academic centres with expertise
and experience in this field, to make laboratory research more accessible to patients in need.
Treatment for excessive obese patients is becoming more sophisticated and requires the
development of new biochemical and molecular genetic diagnostics.
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U3Bagok

2Kene3oTo e eceHuujaneH enemeHT 3a CKOPO CUTE XWBW OpraHuamu. Toj e KnyvyeH yHKUMOHaneH aen Ha
KNCMOPOAHWUTE TPaHCMopTepW, AEMOHUPaYKMTEe MOMEKYNMM U MHOTY €H3UMMW KOW ja KaTanusupaaTr pefokc
peakumjaTa HeonxofHa 3a reHepupare Ha eHepruja, NPoAyKTU Ha pasnnyH1 MeTabonuukn NHTepMeanepu n
3a opbpaHa. VcTpaxyBaraTa Mokaxaa [Aeka KIyyeH perynatop BO XOMeocTasaTa Ha >XenesoTo e
XenuuavHOT 1 ro noctaevja LpHUOT Apob 3a LieHTpaneH opraH BO CUCTeMcKaTa XOMeocTa3a Ha XenesoTo.
XenumamHOT e KaTjoHCKW NenTug cocTaBeH of 25 amuHo kucenuHmn u 4 aucynduaxu Bpckn. HeogamHa Gele
OTKPUEHO [eka LIMPKYNUPaYkMoT XenuuamH co penaTMBHO BUCOK adhMHUTET € BP3aH 3a 02-MakpornobynvH n
CO penaTMBHO HU30K aduHWTEeT co anbymuHoT. Bo npunor Ha cBojata yrnora BO perynupakeTo Ha
CUCTEMCKMOT MeTabonusam Ha xeneso, XenuuaumHOT MOXe Ada npupoHece 3a oabpaHaTta Ha AOMAaKWMHOT.
XenumamHoT npeuYHO Gellle MAeHTUMWKYBaH Kako aHTUMWKpobGeH nentup u Gelle OTKPUMEHO Aeka Moxe
MHOVPEKTHO Aa npuaoHece 3a ofbpaHaTa Ha [OMaKMHOT MpeKy HamarnyBake Ha KOHLeHTpauujata Ha
Xeneso BO nnasmara.
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Abstract

Iron is an essential element of almost all living organisms. It is key functional part of oxygen transporters,
depositary molecules and many enzymes which catalyze redox reactions necessary to generate the energy,
products of various metabolic intermediates and defense. Studies have shown that a key regulator of iron
homeostasis is hepcidin and set the liver as the central authority in the system of iron homeostasis. Hepcidin
is cationic peptide composed of 25 amino acids and four disulfide bonds. Recently it was revealed that
circulating hepcidin with a relatively high affinity is bound to a2-macroglobulin and with relatively low affinity is
bound to albumin. In addition to its role in regulation systemic metabolism of iron, hepcidinot can contribute to
host defense. Hepcidinot was originally identified as an antimicrobial peptide and found that it could indirectly
contribute to host defense by reducing the concentration of iron in plasma.
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MukpoeneMeHTUTE Ce XEeMWUCKN EeneMeHTw,
KOMLITO Ce copXaT BO OpraHM3mMute BO WMjaguTu
Jenosn opf npoueHToT (kene3o, ©6akap, UWHK,
monunbaeH, 6pom, dnyop, jog u ap). Tue ce
HeonxXxoOHW 3a HopMmanHata XuWBOTHa yHKuuja.
Bnerysaatr BO COCTaBOT Ha €H3UMW, BUTAMUHWU U
XOPMOHU. BrivjaaT Bp3 pacToT, pa3mMHOXYBaHETO U
obpasyBaleTo Ha KpBTa. HMBHMOT HegocTaToK wnu
BMLIOK BOAM QOO HapyweH wmeTtabonusam Ha
matepuute.

XKenes3oto e eceHuujaneH enemeHT 3a CKOpO
cute  xuBuM  opraHmsmu  [1]. Toj e  knydeH
byHKLMOHANeH Aen Ha KUCNOopoaHUTE TpaHCcnopTepu
W OenoHupaykmte Mornekynu (nNp. XemornobuH,
MUWOrMOBMH) U MHOTY €H3UMW KOW ja KkatanuaupaaT
pedykTUBHaTa peakumja HeonxogHa 3a co3gaBare Ha
eHepruja (Np. UMTOXPOMUTE), MPOAYKTM Ha PasfMyHK
meTabonmykn uHTepMmeauepun n 3a ogbpaHa (HUKOTUH
ammng avHykneoTtuH gocdat okengasa [NADPH]) [2].

UcTopwmja Ha xene3o

Of aHTM4YKO BpeMe, YOBEKOT ja npernosHan
nocebHata ynora Ha >Xenes3oTo BO 34paBjeTo U
bonectute [3]. YKenesoto umano paHa ynotpeba BO
MeanuuHata Ha ErunjaHute, XyHaute, [pumte wn
PomaHuuTe [4, 5].

3a Bpeme Ha 17™Bek, Xenesoto ce
KOopucTeno 3a JfeKkyBake Ha Xxnopo3a (3eneHa
bonecT), coctojba koja HacTaHyBana of HegoOCTaToK
Ha xene3o [6]. Beke Bo 1930 rog. McCance wu
Widdowson ja npegsuaysBaaTt uUpeBHaTa ancopnuuja
Ha Xenes3o CO of3emMare Ha KOHLEeHTpauujata Ha
XKeneso of W3METOT UM ypuHaTa of BHeceHaTa
KOHUEeHTpauuMja Ha Xeneso npeky XxpaHaTta. Tue
uUcTakHane [feka ancoprnuujata Ha Xernes3o e
3rofieMeHa Kaj nviua co HeoCTaTOK Ha XXeneso.

Hahn n Whipple ja aHanusupane kuHeTukaTa
Ha UpeBHaTa pagMoaKTMBHO obenexeHa >enesHa
ancopnuuja n KOpMCTEHETO Ha YOBEYKU U aHUMarHu
mMogenu W noTBpaune deka ancopnuujata e
perynMpaHa W Hema 3HadajHO Wu3nadyBake Ha
xeneso. Bo 1932 rog. Gelwe oTkpueHa BaXHOCTa Ha
Xenes3oTto co ybeanueBu Jokasu Aeka HeopraHckoTo
Xenes3o e nNoTpebHO 3a CMHTe3a Ha XeMOornoouHoT [7,
8]. Bo 1950 rog. Finch n Saylor gokaxyBaaTt fgeka
ancopnuujata Ha xeneso ce CTMMynuMpa of
3rofleMaHa €epuTpoOMnoeTMHCKa aKTUBHOCT, a ce
NOTUCHYBa O XunepTpaHcdy3uja.

Peuvknuparwe Ha xeMornobuH (o4 owTeTeHM
epuTpounTn obenexaHn co pPagvoakTUBHO Xeneso)
BO xene3o bewe usmepeHo on Noyes, Bothwell u
Finch. Twe oTkpuja peka noBeke >xeneso ce
ocnoboayBa Of PETUKYNOEHAOTENHMOT CUCTEM Kaj

naunMeHT WU eKkcrepuMeHTanHuTe Mogenu
XMBOTHM KOW MMaaT HedoCTaTOK Ha Xeneso, LTO
nokaxxysa [feka ocrnofoOyBareTo Ha Xeneso opf
Makpodparute e perynupaHo of pesepBuTe Ha
Xeneso.

Freireich, Wintrobe, Cartright, Finch n gpyru
nokaxaa aeka BOCnaneHneTo NOTTMKHYBA
CekBecTpauuja Ha xenes3o BO Makpodarute of xenap
n crnesnHa (PeTUKyno eHOoTeneH Ccuctem) U ro
uHxMbupaat cHabayBakeTo CO  XKene3o  Ha
eputponoesarta, NpeansBuKyBajku aHemuja. Beutler n

cop. oyekyBaa Bo 1960 rog. pgeka XymopanHu
cyncTaHuuM yyecTByBaaT BO ancopnuujata Ha
Xeneso cnopeg notpebute of  keneso  Ha

epuTponoe3ata Ho Krantz u cop. fokaxaa Aeka oBaa
cyrncTaHuuja He e epUTPONOETHH.

Bo 1960 roa. Manis, Schachter, Wheby n cop.
nokaxaa BO M30NMpaHU LUPEBHU MeTenkn Jeka
ancopnuujata Ha  Xene3o ce ogBMBa  BO
NPOKCUManHWoT Aen o4 ABaHaeceTnanayHo LpeBo U
ce perynupa BO 2 eTanu: HaBnerysamwe Ha Xerneso BO
eHTepountTuTe (MYKO3HO HaBnerysawe), NoToa crneam
ckragupame Ha >xeneso Bo opma Ha PepuUTUH BO
uutonnasmarta unu ocnobogyBare Ha Xeneso BO
uMpkynauuwjata  (Myko3eH  TpaHcdep). Bugejkm
XMBOTHMOT BEK Ha EepUTPOLUTUTE € HEKOmKy OeHa,
cyobvHaTa Ha >KenesoTo O MWCXpaHaTa Koe e
npe3emMeHo of eHTepouuTute Ke Ouae yTBpAeHa o
cTpaHa Ha GasonaTepanHuoT TPaHCMOPT Ha Xeneso:
uUnu ancopnuujata Ha >keneso ke A03BOMW Bre3 BO
KPBOTOKOT uUnu ke 6uge BpaTteHo BO LPEBHUOT SyMEH
CO CMpPT Ha eHTepouuTMTe W wucpnawe npeky
N3MeToT.

Bo 1970 roa. uctpaxysaumTe ja npeucnurane
naTtoreHesata Ha HacnegHaTta xemoxpomato3a (HH),
CYHOPOM NPW KOj BULLOKOT Ha XXErne3o ce HaTpynysBa
BO UpPHMOT Apob W Opyrn TKMBa, pe3ynTupajkm co
owTeTyBakbe Ha TKMBaTa, HapyweHa dyHKuMja Ha
opraHute 1 UpHoapobHa kapuuHoreHesa [9]. Bo 1990
rod. MMalle peHecaHca Ha naToriorvjata Ha eneso.
WcnuTyBarwata Ha MauUEHTM U XUBOTUHCKM MOLENU
CO TeHeTCKM HapylwlyBawa Ha Xeneso gosede A0
ngeHTuduumMpae Ha reHM Kou ce OAroBOpHM 3a
TPaHCMOPTOT Ha >Xeneso, OKCMAopeayKTa3n nosp3aHu
CO TPaHCMOPTOT W Xemnes3o perynatopHu MONeKynu
[10].

UcTtopuja Ha chepuTnH

®eputuHoT Gewe oTkpueH Bo 1937 roa. oa
dpaHuycknoT HayyHuk Laufberger, koj usonmpa HoB
NPOTEVH Of, Cre3nHKa Ha KOs, Koja cogpkena OoKony
23% op cyBaTa TexuHa, xenes3o [11]. lNMpucycTBoTO
Ha (PepuTMH BO YOBEYKU CEepymM € [OOKYMEHTUpPaHo
HeKOrnKy roguMHu nogouHa [12].

Bo 1972  rog. co
WMYHOPaAMOMETPUCKN  METOAM,

Kopuctewe  Ha
Addison wun cop.
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Unkoscka u cop. Xomeocma3sa Ha xene3o u yrnoea Ha xer:

/BEpPrnMBO OEMOHCTpMpaa pJdeka (epuTMHOT MOoXe
CUrYpHO Aa ce OTkpue BO YoBeudku cepym [13]. 3a ga
ce OTKpue NoBp3aHoOCTa Nomery CepyMcKUTE HMBOA Ha
depuTUH M TOTaNHUTE pE3EepBU Ha Xeneso BO
OpraHM3moT, aBTOpUTE ja n3Mepune KoHUeHTpauujaTa
Ha dQepuTuH BO CepyMOT Kaj 3gpaBu nuvua, Kaj
naumMeHTM CO HeJOCTaTOK Ha Xenes3o U Kaj nauueHTu
CO BUWOK Ha xene3o. Tue pJokaxane Jeka
CepyMCKMOT PEPUTUH € MNOKaYeH Kaj naumeHTu co
BMLLOK Ha enes3o M HamaneH kaj nauMeHTu Kou
nmMaaT HeJoCTaToK Ha xeneso [14]

Bo 1975 roa. Jacobs n Worwood cyrepupaat
Jeka mMeTogaTa Ha onpegernyBake Ha (PEPUTUH BO
cepymoT Moxe ga o06e3beau  “kopucHa M
KOHBEHUMOHaNHa" MeToda 3a onpegenyeake Ha
CTaTycoT Ha pe3epBuTe Ha xenes3o [15].

UcTopuja Ha xenumavH

3a npB nar 3a noBp3aHoCTa MNomery
XenumamHoT 1M MeTabonmamoT Ha Xeneso roesopaT
Pigeon n cop. Bo cTygujata 3a ogroBopoT Ha LIPHUOT
Apob Ha onTepeTyBaweTO CO Xenes3o. Tue oTkpune
MRNA Ha rnyBYeLWLKN XenuuauH co cybTpakumcka
xnbpugusaumvja npu npeonTepeTyBawe CO Keneso
HacrnpoTM HOpManHuTe TrNyBUM W [MOKaxaa Adeka
MRNA e OOMUHAHTHO eKkcrnpecupaHa BO
xenatouunTuTe.

Bo 2001, obcepBaumute Ha 3ronemeHa
eKkcrnpecuja Ha xenuuauH BO OArOBOP Ha BMLUOK Ha
erneso BO XpaHaTa BogaT A0 XxunoTtesaTa Aeka
XenuMAMHOT MOXe Jda [AefnyBa Kako LeHTparneH
perynatop Ha XxomeocTasaTa 3a xerneso [16].
BpEME Ha WCTPaXyBaweTo Ha aHTUMUKPOOHWTE
CBOjCTBa Ha pa3nunyHy YoBeukn TeuHocTn, Park u cop.
nsonupane HoB nenTna 6orat Co UMCTEUH Of YOBeYKa
ypMHa W O WUMeHyBane Kako XenuuauH 3apagu
HEeroBOTO LPHOAPOOHO MOTEKNO U aHTMBaKTepuckuTe
edekTn (MMeTO npouanerysa of HeroBara CUHTE3a
(B0 upH gpob6, hep-) n aHTUMHUKPOBHMUTE CBOjCTBA in
vitro (-cidin)) [17].

HesaBucHo, Krause u cop. Tparajknm 3a
nentng ©Oorat €O UUCTEMH CO aHTUBaKTEpPUCKU
KapaktepucTuku, Bo 2000 rog. nsonupane UCT nentmg
kako Park u cop. og ynTpadwuntpaT Ha nnasma u ro
UMeHyBane Kako aHTMOaKTepuckM nenTug Koj ce
CUHTETM3Npa BO UpH Apob (aHr. liver expressed
antibmicrobial peptide-1, LEAP-1) [18].

OHeBHM noTpebu Ha xeneso

BospacTteH opraHusam, npocevHo uma 3-5 g
xeneso (~ 45 mg/kr xeHa, ~ 55 mg/kg 3a maxu).
Moromem pgen of >ene3oTto BO OpraHWM3MoT e
BrpageHo BO XEeMOrnobVMHOT Ha UMPKynupaykuiTe

eputpounTn (60-70%). Okony 20 - 30% Keneso € 3
¢dopma Ha  epuTMH U XemMocugepuH  BO
xenatouutute n PEC makpodparute, Kako pesepBHO
xeneso. [ogeka Bo3pacteH Max uma 0.5-0.2 ¢
CcKragupaHo keneso, pfeuarta, agonecueHTuTe u
)XeHuTe BO penpoayKTMBHMOT BO3pacT pedncy Hemaat
pesepBu Ha xeneso. EpgHa mana konunuvHa, of
npeocTaHaTo Xerneso BO Tenoto, € BO ¢opma Ha
MUOrMOGMH BO MYCKYNUTE WIN MHKOPMOPMPAHO BO
eH3umm [19]. Okony 1-2 mg oA Xene3oTo ce rybum
CeKoj [OeH npeKky: KoxaTta, CO [eckBamauumja Ha
upesaTta U MUHUManHu kpeosaryou [20].

AucTtpmnbyuuja Ha xene3o

Aricopniyuja Ha XeJie30 80 MEHKOMO Upeeo

’Kene3oto BO xpaHaTa € MNpUCYTHO BO [Be
hOpMU — KaKO HEOPraHCKO WM HEXEM XKEene3o U Xem
Xeneso. HeopraHckoTo ene3o € [OMWHaHTHO BO
cekojoHeBHaTta wucxpaHa (~90%), pgopeka nak
opraHckoTo (~10%) oA BKynHaTa KOMnM4yMHa Ha xeneso
BO HawaTa ucxpaHa. XeMm XenesoTto MOTekHyBa oOf
XEMOrNIOGMHOT, MUOrNMOBUHOT U ApYrn Xem MpPOTEUHU
BO XpaHaTta Ofi >XMBOTMHCKO MOTEKIIO.

Ancopnuujata Ha >xeneso ce ofsvBa BO
OyOoOoEeHYM W ropHuUTE AenoBu Ha jejyHym. [lpouecoT
BKIy4yBa NPOTEUHM KOWM O  TpaHcrnopTupaar
Kenes3oTo HM3 anukanHata membpaHa (MmnopTepwm),
NPOTEUHM Kom ro TpaHcnopTupaat HU3
GasonatepanHata MemOpaHa  (ekcrnopTepu) U
NpoTEMHM KOW ja MeHyBaaT HeroBata peayKTUBHA
cocTtojbaTa, Na ce BKMy4YeHW BO HEroBMOT TpaHcnopT
[21] (Cnuka 1).

B  Makpodaru

Fe* % —‘lc‘ _mne o] 20
LIMPKYNALIMJA SORNg Tf
Fe? o ci %o
Tf
Fe’ &
Fe OO o‘ %

1 Fp“ S XecectuH

) Fer
LIP

HCP1° DMT1% DcytB
®HEME @ &2
Fe“

A Entepoumt

Cnuka 1: Ancopnyuja u mpaHcriopm Ha Xernesomo Hu3
eHmepoyumume: epupedykmasa; mpaHcropmep 3a
dsosaneHmeH meman-1 (DMT-1); npomeuH 3a mpaHcriopm Ha
xem-1 (HCP1); xem okcuzeHa3a (HO-1); usHecysay Ha xene3o -
gheporiopmuH; xegecmuH; peuenmop 3a mpaHcgepuH -1 (TfR1)
[22]
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‘CKU mpyad

Ancopnyuja Ha HeopaaHCKO Xese30

Hajronem pen og Hexem Xenesoto o4
XpaHata MpUCTUrHyBa [O TpenyectuoT enuTen BO
depu dopma (Fe3+). Bo goyogeHym nog AejctBo Ha
bepupeaykTasa, gyogeHaneH umtoxpom B (DcytB)
€H3MM, >XenesoTo ce pegyumpa Bo ¢epo ¢opma
(Fe2+) AckopbatoT (BuTamuH Ll), e koeHsum Ha
eH3nmMnTe BKJ'Iy‘-IeHI/I BO peaykuumjata Ha depu dopma
(Fe*") Bo depo (Fe®") [23].

YKenesoTto ce TpaHcnopTupa HM3 anukanHarta
membpaHa BO uuTOMMasmMaTa Ha AyofeHanHuTe
€HTepouUTM CO MOCPeacTBO Ha TPaHCMOpPTEepoT 3a
aBoBaneHTeH metan-1 (Divalent metal transporter-1
DMT1) (cnuka 1-A). DMT1 He e cneumndurdeH camo 3a
TPaHCMOPT Ha >kenes3o, TOj UCTO Taka TpaHcnopTMpa u
Opyrv  OBOBaneHTHM MeTanu BKIyYyBajkM  LIMHK,
MarHeanym un 6akap [1, 24]. OBoj TpaHcnopTeH
NpoTeEVH ce Haora u Ha MembpaHaTa Ha eHOo30MuUTe
Kage LUTO nocpeayBa Npu TPaHCMOPTOT Ha Xeneso of
eHgo3oMuMTe  BO  uMTOMnasmMaTa 3a BpemMe Ha
TpaHcepnHCKMOT umknyc [25]. DMT-1 ce unHM geka
MMa BakHa yrora BO TPaHCMOPTOT Ha XernesoTo Koe
He e Bp3aHO 3a TpaHcdepuHoT (NTBI), ocobeHo npu
BULLIOK Ha Xeneso [26].

Hekon  ucTpaxyBarwa nokaxane Jeka
TPaHCNOPTOT Ha Xernes3o HM3 AyoAeHYMOT Ce BpLUM CO
nocebeH, gocera HegoBOMHO OTkpueH nat. [doaeka
depo xenesoto kopucth DMT-1, dbepu xenesorto
KOpUCTU UHTerpuH-modundepuHckn nat (IMT) koj
TpaHcrnopTupa ucknyydnso depun xeneso [27]. OBoj
nat BKMy4yyBa HEKOMKYy MNPOTEUHU: MOBundepuH,
6eTa-3-uHTerpuH n hnaBUH-MOHOOKCMIreHasa.
$naBMH-MOHOOKCHUreHasaTa uma ynora Ha
dhepupenyktasa. Bo untonnasmara Ha kneTtkarta oBue
NPOTENHN CE€ WHTEerpuMpaHu BO TrOfiemM MnpPOTEUHCKM
KOMMNekc HapedeH napadeputuH [28]. Western Blott
aHanusa Ha napadepuTuH nokaxa geka Toj CoopPXu U
6eTa-2-MmukpornobynuH n DMT-1. [llpucycTtBoTO Ha
DMT-1, MoBUNepUTNH n xedecTnH BO
uuTonnasmata Ha KneTKMTE yKaxyBa Ha MoXHaTa
WHTpakKneTo4Ha (yHKUMja Ha oBMe MpoTeuHu (29)
[29].

Ancopnyuja Ha xem Xese3o

Ha KynTuBMpaHu KNeTKW, eKCnepuMEeHTarnHo e
MoKakaHo fAeka MHTaKTHWOT XeM, HM3 anukanHara
membpaHa Ha eHTepouuTuTe ce ancopbupa co
NPOTEUHCKM HOcay Ha xem-1 (Heme-carier protein 1,
HCP1) (cnuka 1-A). HCP1 e TpaHcnopTeH npoTeuH
KOj BO roniemMu KONuyvHW € MpUCyTeH BO ABaHaeceT-
nanayHo upeso [30, 31]. MNocnegHuTe McTpaxyBaka
nocovyBaaT Aeka 0BOj NPpOoTenH Moxxebu uma yrnora Ha
TpaHcrnopTep u Ha donatu [32].

MHmpaKnemoqu mpaHcriopm Ha »>kejie30

[en oa »kene3oto, BHECEHO BO WMHTECTUHar-
HUTE enuTesiHn KNeTKkn npeky anukanHaTta MeM6paHa

ce BrpajlyBa BO (hepuUTUHOT UNK Ce TPaHCNIOPTUPE &
uupKynaumujata MUHYBajku Hu3 GasonatenapHata
membOpaHa [33].

>Kenesoto 3agpxaHo BO pepuUTMHOT ce rybm
CO [eckBamMauMmja Ha CcTapuTe MYKO3HW KIeTKn —
npouec Koj ce oasmBa Ha 3 - 4 OeHa, KOSKY LUTO €
XMBOTHMOT BEK HA MYKO3HUTE KNneTku. OpyrnoT gen og
XenesoTo, npeky 6asonatepanHata MembpaHa co
nomow Ha  deponopTUHOT  (ekcnopTep), ce
TpaHcnopTMpa BO Uupkynauuvjata. Cnopes Toa
deponopTMHOT, oApedyBa [Janu XenesoTo Ke ce
ucrnopada BO LUMPKynauuja unu ke ce OoTCTpaHu of
OpraHn3moT co geckBamaumja [21].

TpaHcnopToT Ha XenesoTo HK3
uMTOnnasmaTa Ha  eHTepouuTUTE €  ceylTe
HepasjacHeT Jden o MpouecoT Ha ancopnuuja Ha
XXenesoTo; ce CMeTa Aeka MocTojaT ABa MeXaHU3Mmu:
TPaHCNOPT  MOTNOMOrHaT CO HEKOW  MPOTEUHW,
LIanepoHn Unm co TpaHcuuTosa [34].

deponopTMHOT € edMHCTBEH, cera 3a cera,
nosHaT ekcrnoptep Ha xenesoTo [35] (cnuka 1-A).
deponopTMHOT Cce CcpekaBa BO CUTE TKMBA KOu
n3HecyBaarT Xene3o BO nnasmarta: basonarepanHara
mMembpaHa Ha eHTepouuTUTE BO OYOAEHYMOT,
MembpaHMTe Ha PpeTUKyNoeHOoTeNnHUTe Makpodparu
(BKNy4yeHn BO cKNagupawe W peuuknMpare Ha
)KenesoTto), xenaTouuTuTe, KNeTKMTe Ha nnaueHTaTa
[36].

CnnyHo Kako Kaj anukanHaTta arncopnuuvja Ha
xenes3o, 6azonarepanHoToO U3HECYBaHE Ha XenesoTo
€ noTnomMorHaTo Of €H3uMm, KOj ja MeHyBa
oKcumpaTuBHaTa COCTOJGa Ha >xene3oTto. Bo 0Bo;j
cnydaj, cdepo (Fe ") xenesoTto, Koe ja HanywTa
KJ'IeTKaTa Mopa ga buage okcugupaHo Bo cepu opma
(Fe ") sa pa ce Bp3e co TpaHcdepuHoT. Osaa
okcuaauuja, Bo AyOo4eHYMOT, ja BpLK XedeCcTUHOT, a
Kaj cuTe oOcTaHaTu KNeTkn BO  OPraHu3Mmor,
uepynonnasmMmuHoT (cnuka 1-A) [37].

Tpa+Hcropm Ha xefe3o 80 nnasmama

Bo nnasmara, xene3oto ce TpaHcnopTMpa co
TpaHcdepuHoT. Ce cmeTa geka okony 20 mg xeneso,
CeKojoHeBHO ce MpeHecyBa €O TpaHcdepuHoT [38].
TpaHcdepuHOT e Xeneso - Bp3yBa4ku rMUKOMPOTENH,
CO Monekyrncka TexuHa og npubnwkHo 80 kDa [39].
'eHOT 3a TpaHcdepyH e noumpaH Ha Xxpomo3om 3921
6rncKy OO reHuTe 3a NakToepuH 1 LiepynonnasMuH.
TpaHCEPUHOT CE CUHTETU3 3pa BO XenarouuTute
[40]. Camo cbepu cbopmaTa (Fe™ ) nma cnocobHocT aa
ce Bp3e CcO TpaHchepuHoT. TpaHcdhepuHoT e
3aBMTKaH BO copma Ha ABa rnobynapHu [OMEHM;
CeKoj of, OAOMEHUTEe COoOpXW MO eAHOo chneuuduyHo
MeCTO 3a BgsyBaH;e Ha efeH aToM Ha TpOBaneHTHO
xeneso (Fe’). Mpu duanonowku pH, TpaHchepuHoT
MMa MHOry BMCOK adhMHUTET 3a XKene3oTo, Na CKopo
LilenoTo HeEXeM Xemneso BO LMpKyrnauuvjata e Bp3aHo 3a
TpaHChEePUHOT. YTBPAEHO € AeKa CO HamarnyBare Ha
pH, ce HamanyBa n aduHUTETOT Ha >xenesoTo 3a
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Unkoscka u cop. Xomeocma3sa Ha xene3o u yrnoea Ha xer:

"pchcpepMHOT, Taka ga npu pH nog 4.5 He moxene
da ce JeTeKkTvpaaT MepriMBM BpP3aHU KOMWMYMHM Ha
Xeneso 3a TpaHcdepuHoT [41].

TpaHcdepPVHOT ro ucrnopadvyBa XenesoTo BO
KNeTKNTe CO nMpoLec Ha eHaouuTo3a nocpegyBaHa co
TpaHCEPUHOT BO T.H. TpaHcepuHckn umknyc. MNpu
PU3NOMNOLLKN  YCNOBKU, OBOj LMKIYC OBO3MOXYBa
KOHTPOMNMpaH npucTan Ha XenesoTto BO KNEeTKUTe
buaejkn noeamHute knetknte edukacHo Moxart ga ro
perynvpaaTt BMe3oT Ha >XenesoTo Mnpeky perynauuja
Ha ekcrpecujata Ha TpaHcdepuHckn peuenTtop-1 Ha
noBpLUMHaTa, BP3 OCHOBa Ha HUBHUTE NOTpebu 3a
xenesoro [21].

Hdo peHec, ce onvwaHuM pJgBa Tuna Ha
hyHKLMOHAMHM pasnuyHn peuenTopu 3a
TpaHcgepuH: TpaHcdepuH peuentop 1 n 2 (TfR1 u
TfR2). HajoeHo e geka TfR1 ce Haora Ha noBpLUMHaTa
Ha cuTe KneTkn kou uMaat notpeba oA kenesoTo, HO
HMBOTO Ha HeroBaTa €eKcrnpecuja ce pasnunkyBa BO
OrpoMHa Mepka of TUNoT Ha kneTkuTe [42].

TfR1 npertcrasysa TpaHcMeMbBpaHCku
rMUKOMPOTEnH, co MonenynapHa maca ~180 kDa,
nsrpageH og ABe WAEHTUYHW cybeanHMLM NoBp3aHu
co gucyndwmgeH mocT. Cekoja cybeguHuiua nma no
€[HO MeCTO 3a Bp3yBak€e Ha TpaHcdepuH [21].

EkcnepymeHTanHo Ha KynTypa Of KNeTku e
yTBpAeHO feka TfR2, BormaBHO € NpUCYTEH BO LPH
Opob, XxemaTomnoeTcku KneTkn W gyogeHanHuTe
KpunToreHn knetku [43].

Lenoa Ha xene3o 8o opeaHu3Mom

>Kenes3oTo ce cknagvpa BO LPHMOT Apob BO
xenarouuTtute n Kyndeposute kneTku Bo Ase popmu:
dhepuTuH n xemocugepuH [21].

Bo kneTkute, bepuTUHOT, UMa ABOjHa yrora -
Kako f[eno 3a >Xernesoto W Kako Morekyna 3a
AeTocuKaumja Ha KNeTKUTe of, BULLOKOT Ha Xemneso u
Ha TOj Ha4YuH M WTUTU Of TOCWYHOTO AEjCTBO Ha
BMLLIOKOT Ha Xeneso [44].

®PepuTHHOT e un3rpageH of 24 cybegmHuuw,
opraHuM3upaHy Taka ga uma u3rfmeg Ha LWynnuea
LIKONKa, BO KOja ce cknagumpaat npubnukHo 4500
Fe® aTomu Kako HeopraHcku komnnekc. PepuTUHOT
nsonupaH og pbeTHMUMTE e usrpageH oA Asa Tuna Ha
cybeauHnum: H (heavy - Tewkn unun heart — cpue) n L
(light — necHn vnwn liver — upH apo6). KonuumHckmoT
coogHoc Mefy pfBaTa Tuna Ha cybeguHuumn ce
pa3nukyBa o4 TKMBO OO TkuBO. BrpagyBanweTo Ha
Xenesoto BO deputuHoT, Gapa depookcnaaTnBHa
aKTMBHOCT KOja ce npenuwysBa Ha H-cybeamHuuuTe,
pogjeka nak L-cybeamHuumTte yyecTtByBaaT BO
MuHepanusauujaTa [45].

Kenesoto, pgenoHMpaHO BO IEPUTUHOT,
MOXe [a Ce KOPWUCTU Kora Ke Ce Hamanum HEeroBoTO
HMBO BO kneTkaTa. CeywTe He e [0OKpaj pasjacHeT
MEeXaHM3MOT CMopes KOj xXenes3oTo ce ocrnobdoaysa og

depuTnHOT [46].

Mako, rnaBHO epuUTMHOT Cce Haora BO
uutonnasmarta Ha KneTtkata, Mamna dpakumja e
HajoeHa n BO jagpoTo Ha Hekoum knetku. Ce cmeTta
geka EepuUTUHOT BO jagpoTo [0  uMchopadysa
Kenes3oTto MoTpebHO 3a eH3MMUTE KoM 3aBucaTt of
NPUCYCTBOTO Ha OBOj MeTan unu 3a akropute 3a
TpaHckpunumja [47].

HajHoBMTe wuCTpaxyBara Mokaxane [geka
depuTnHOT e npucyteH n Bo mutoxoHapuute (MtF).
MuTOXOHOPUMTE Ce opraHeny Kou nmaart BUCOK o6pT
Ha >xene3oTo notpebeH 3a OuocMHTE3a Ha Xem U
€H3MU Kom cogpxart Fe-S rpynu. 7
MUTOXOHAPWjaNHNOT HEeOJOCTaTOK Ha Xene3o wu
BMLLOKOT Ha ernes3o ja HapywyBaaT metabornHaTa u
pecnvMpaTopHata akTMBHOCT Ha MWTOXOHApUUTE,
3aToa XOMeocTasaTa Ha Xenes3o BO OBME OpraHenu
Mopa pgda ©Owuge cTporo koHTponupaHa. Ce
npeTnocTaByBa Aeka PepUTUHOT uma BakHa ynora Bo
OEnoHVparkeTo Ha  XKeneso, 3awTuTyBajkm
MUTOXOHAPUNTE 0f OKCcmaaTuBeH cTpec [48].

MtF ce Haofa BO WCKNYYUTENHO HUCKK
KONMUYMHN BO MOBEKETO knetku. CTyguuTe nokaxane
Jeka 3rofieMeHoTo npucyctBo Ha MtF 3HaunTenHo
BMvjae Bp3 WHTpauenynapHaTa XomeocTasa Ha
Xeneso v Boau Ao 6p3a npepacnpenenba Ha xeneso
of, uuTonnasmara BO MWUTOXOHOPWUWTE, Kade LITO ce
genoHvpa BO dopMa Koja He e [JoctanHa 3a
meTabonuyka ynotpeba [49, 50].

Opyra c¢opma Ha cknagupaHo xeneso BO
KneTtkata e XeMOCVAEPUH, HepacTBOpnvB
aerpagaunoHeH npon3Boa on HeLenocHa
aerpagaumja Ha epuUTMHOT BO nm3o3omute. [lpu
npeonToBapyBawe CO Kene3o, XeMOCUMAEPWHOT
CTaHyBa NpPOTEUH BO KOj AOMWHAHTHO Ce cknagupa
Xene3o. Bo hM3MONOLLKM YCNOBU XEMOCUAEPUHOT He
e ebeKkTMBEH [OHATOP Ha Xerneso, HO MMa 3alTUTHa
ynora. [Npu BocnaneHue u XWUNokcuja TOj MOXe Ada
CTaHe [JoHaTOp Ha Xene3o W Ja npugoHece 3a
co3fgaBakbe Ha cnobogHW pagukanu U owTeTyBae
Ha TKMBaTa W KNETKATE KOM Ce MpeonTepeTeHn co
xeneso [51].

Peaynauuja Ha cucmemcKama XxomMeocmasa
Ha >KeJrie30

KockeHaTa cpueBuHa e OCHOBHUOT
noTpoLlyBay Ha Xenesoto oOf LUMpKynauujata wu
HajrorneM gen of OHEeBHUTE MoTpebu 3a xeneso ce
KopucTtaT 3a CcuHTe3a Ha xemornobuHot Bo 200
MUnjapan  HOBM  epuTpoumuTn. 3a pamMHoTexa,
Makpodgarute peuuknupaatr 10-20 natu noseke
)Kene3o of XenesoTo koe ce ancopbupa Bo UpeBaTa
(koe ce kopucCTu 3a 3a40BOJflyBak€ Ha [OHEBHUTE
notpebu op xeneso). Makpodarnte og RES BO
cnesvHata W Opyrute opraHM rm dparouuTtupaat wu
nu3anpaaTt CcTapute WU OWITETEHW EepUTPOLMTU. XeMm
okcureHaszata (HO-1) ro pasrpagyBa XemoT, ce
ocnobofyBa >xene3oTo 04 NPOTONOpPdIUPUMHOT U CO
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‘CKU mpyad

“loMoLw Ha c¢beponopTuH ce Bpaka BO Mnasmarta u ce
Bp3yBa 3a TpaHcdepuHoT (Cnnka 1-b) [52, 53].

[HeBHO, YOBEKOBMOT OpraHusam ryom okomny
1-2 mg xeneso 1 UCTO TOSKY KONMYECTBO Ha >Xeneso
ce pecopbupa BO TEHKOTO LIPEBO, 3a Aa ce 00e3beam
OOBOMHO, HO HE W NpeMHory xeneso, 3a ga 6bupar
nonHu pesepBute Ha keneso. Cnopeg Toa,
cucTeMckaTa XomeocTasa Ha >Xeneso ja perynupa
upeBHaTa ancoprnuuja Ha >KenesoTo, HEroBoOTO
HaBneryeate M Mobunuanpawe of fenoara ce CO
uen ga ce 3agosonat notpebute Ha epuTponoesarta.
Taa, ncto taka obesbenysa crabunHa cpeguHa kage
LUTO CeKkoja KneTka ro perynupa HaBreryBameTo Ha
)KEene3oTo BO 3aBUCHOCT Of, CONCTBEHNTE NOTpedun.

WcTpaxyBarwata nokaxxaa [Jeka  KryyeH
perynatop BO XOMeocTasaTa Ha Xenesoto e
XeNuUMAMHOT. W Tro nocTaBuja UPHWMOT Apob6 3a
LeHTpaneH opraH BO CUCTEMcCKaTa XOMeocTasa Ha
xenesoto [54, 55].

XenuuauH

XenumamHoT €  HeraTMBeH  XOPMOHCKMU
perynatop Ha meTtabonuamoT Ha xeneso. [eHOT 3a
xenunanH (HAMP; OMIM 606464), e nouupaH Ha
xpomo3som 19913.1 [56].

YoBeuknmoT  xenuuauH  OOMUMHAHTHO  ce
CYHTETM3NpaA BO LUpPHMOT p[Apob kako 25 amwuHo
kncenuHckn nentng (2789.4 Da) koj ce cekpeTupa BO
umpkynauujata [16, 18]. XenuuanHOT ce CUHTEeTU3Npa
Kako npe-nponentug coctaBeH of 84 aMuHo
kncenmHu. Co eH3MMCKO KaTanuTUYKO oTLenyBane,
npe-nponeTuagor  MNOMWHYBA  BO  MpoOXenuuauH
nsrpageH of 64 aMnHO KMCEnuUHU. 3penunoT, akTUBEH,
25-aMUHOKUCENNHCKM XOPMOH XenuuaunH,
HajepojaTHO ce pgobmBa cCco oTuenyBawe Ha
NPOpPerMoHoT (H =39 aMMHOKMCENWHW) nog AejCTBO Ha
NponpoTeunH KoHBepTasaTa, pypuH [57].

Bo nnasmaTta, UCTO Taka, UMPKynupa u Kako
20 M 22-aMWHOKUCENWHCKM nNenTua W Kako Mpo-
XenuuanH Koj HeMa XOpPMOHCKO aejcTeo [58].

MocnegHute cTyaum yKaxxyBaaT Ha
eKkcrpecuja Ha XenuuauvH u BO OPYrn KINeTKWU, NMOKpaj
XenaToumMTuTe, Mako BO MHOTY Manu KonuyuHu. Tue
BKIydyBaaT: CpLe, peTvHa, MOHOLMUTU, HeyTpodunu,
MacHW KNeTKW, anBeonn, MaHKpeacHW KreTkn W
MuokapaHu knetku [59-65]. CuHTesata Ha xenuunavH
Of, OBWE KIEeTKW, HEMOXE Aa HanpasBu CUrHUPUKAHTHO
3Hauewe BO KOHLUEHTpauujaTa Ha cucTemckarta
LuuMpKynauuja, HoO MOXe Aa uma fiokaneH eekT Bo Tue
TKUBA. lMpeky  aBTOKpMHaA  MHTepakuumja  co
heponopTUHOT, XenuMAMHOT fOoKanHoO MOoXe Aa
3aLUTUTK OKOJSTHWUTE KNETKU 0 HEOOCTATOK Ha Xerneso,
npeBeHMpa eKkcTpauenynapeH OKCUAATUBEH CTpec,
BNMjae Ha WHMNamMaToOpHUOT OAroBOp W/ ru

KO ce [OOocCTanHu 3a eKcTpauenynapHute natoreHu
[65-68].

Cmpykmypa Ha xenyuduHom

Co HyknmeapHO MarHeTHa  pes3OHaHCHa
CrekTpockonuja e yTBpAeHO Aeka XenuuavHOT uma
CTPYKTYpa Koja nnyu Ha wHona, ctabunuanpaHa co 4
ancynduaHn mocTtosu [69].

XenumManHOT € KaTjOHCKU NenTuUa COCTaBeH Of
25 aMuHO kucenuHu un 4 aucynduaHm Bpcku. Hunter n
cop., ja aHanusnpane cuHTeTckata dopma Cco
HyKIeapHO MarHeTHa pe3oHaHTHa CrnekTpomeTpuja n
M NoTBpANja HErOBUTE BPCKM M CTPYKTYpa (crvka 2).

DTHFPICIF

GUCHRSKCGM_ CKT
I E— |

Crniuka 2: AMUHO KUCEJ/IUHCKU CeK8eHUuU 80 MOOesl Ha 4Y08eYKU
xenyuoduH. AMUHO U Kapbokcu kpaesume ce umeHysaHu N u C.
HucynghudHume epcku ce 80 xonmo, 6a3HUmMe aMuHO KUCETUHU ce
80 CUHO U Kucesume aMuHO KUCesUuHU ce 80 upseHo. Moderiom Ha
ducyngudHume epcku nomery 8-me yucmeuHa e rokaxaH Ha
aMUHOKUCEUHCKUmMe cekeeHyu [79]

TecHO NOBp3aHW reHu 3a XenuuauH, UCTO
Taka, ce NpPOHajAeHN Kaj CTaopun U HEKONKYy BUOOBM
Ha pubu [17] (cnmka 3). MMyBYELLKMOT reHOM COAPXU
ABa reHa 3a xenuuauH, HO ce cmeTa [eka caMo efeH
XenuuauH uma ynora Bo MeTabonMamoT Ha XenesoTo
[70].

hHEP DTHFPICIFCCGCCHRSKCGMCCKT
pHEP DTHFPICIFCCGCCRKAICGMCCKT
rHEP DTNFPICLFCCKCCRNSSCGLCCIT
mHEP DTNFPICIFCCKCCNNSQCGICCKT
dHEP DTHFPICIFCCGCCKTPKCGLCCKT
zHep QSHLSLCRFCCKCCRNKGCGYCCKF

Cnuka 3: CekeeHyu Ha xenyuduH Kaj eepmebpamu: yosek (hHEP),
npace (pHEP), 3ajak (rHEP), enywey (mHEP) u kywe (dHEP).
Xenuyud kaj puba 3epa (zHep) [71]

AHanu3a Ha cekBeHUMTE Ha
(DTHFPICIFCCGCCHRSKCGMCCKT)

xenuuanH
oTKpuBaaT

http://www.id-press.eu/mmej/


https://www.tracker-software.com/product/pdf-xchange-editor
https://www.tracker-software.com/product/pdf-xchange-editor

Unkoscka u cop. Xomeocma3sa Ha xene3o u yrnoea Ha xer:

‘Of1eM NPOLEHT Ha uucTenH — 8 umctenHa [69]. Oea e
HeoOMYHO BMCOKa COApPXWHA Ha LMCTEWH, Kora ce
cropegyBa Co ApPYrM aHTUMUKPOOHM nentuam Goratu
CO UMUCTEWH, CINYHO Ha AedeH3nH [72], TaxmnnesuH
[73], npoterpuH [74] u cHakuH [75]. Co wmaceHa
CMEeKTPOCKOMNMja N XeMncka aHanusa e OTKPUEHO Aeka
CUTe LMCTEUHM Ce MOBP3aHU BO CEKBEHLM, CO LUTO
OBOj NeNTWA € MOLLIHE OrpaHnyeHu nentug [76].

Ha kpyXHa cnekTpomeTpuja co AnXpomnsam Ha
YOBEYKN ypUHaApeH XenuuauvH ce nokaxa feka Toj e
6orat co B-sepurn 1 NMR notBpan geka xenunmguHoT
npeTcrtaByBa efHOCTaBHa uedka cTtabunuampaHa co
Tpu aucynduaHM BPCKM UM cocegHa aucyndugHa
BpCKa Ha KpvBuHaTa [69].

@yHKyuja Ha xenyuduHom

XenumanH-25 ce npeTnoctaByBa fJeka e
rmaBeH perynaTop Ha ancopnuujata Ha Xenes3o co
XpaHaTa M KINeTOYHOTO ocrnoboayBare Ha xeneso.
XenuuamHoT urpa Krny4Ha ynora Bo XoMeocTasaTta Ha
xenesoto. Toj ro perynupa [OenOHMPaHeTo U
npes3emMareTO Ha XenesoTo Mpeky Bp3yBawe 3a
hepOonopTUHOT-EKCNOPTEP Ha KenesoTo. XenunanHoT
npeon3BMKyBa BHecyBawe Ha heponopTMHOT BO
KneTkata kage wWTO TOj, (EeponopTUHOT, ce
pasrpagyBa W Ha TOj Ha4MH TrO chpevyBa
N3neryBaweTo Ha >Xenes3oTo of KNeTKATE BO KOj e
nenoHupaHo [36].

lMpeky o0BOj MexaHu3aMm, XenuuMauHoT ja
nHxmnbupa: (1) ancopnuuja Ha XenesoTo BO TEHKOTO
upeBo (cnuka 2), (2) oTnywTawbeTo Ha XenesoTo of
HEroBoTO Aeno BO xenatouuTtute u (3) oTnywTakeTo
Ha »>KenesoTo o0f Makpodarute BKIYYEHU BO
peumrKknupake Ha octapeHuTe knetku [57].

Rl A

Fe

deponopTuH lHH’” XenuuawH
Fe Fe F

e Fe

Cnuka 4: XenyuduHom ja peaynupa cuHmesama Ha ¢hbepornopmuH
Ha 6a3ofnameparnHa MembpaHa Ha eHmepoyumume

Mpeky cuTe ropeHaBedeHW  AejcTBUja,
XEnuUMAMHOT TO KOHTPONMpa HMBOTO Ha Xene3oTo BO
KpBTa (crvka 4).

BHartpekneTouHa u
eKCTpakneTouHa
KOHLEHTpauuja Ha xene3o

MotpebHo xeneso

3a eputponoesa Bocnanenue

Nl

XenaTtouuTtu n
Kyndpeposu knetku

ExTepounty Ha

/ABaHaeceTnana4Ho upeso Makpodaru

Ha cne3wHka

Xene3zo Bo nnaamara

Cnuka 5: XenyuduHom uma ueHmparsHa yroza 80 00pXyeare Ha
Xomeocmasama Ha Xeneso

Bo nmpunor Ha cBojatTa ynora BO
perynupawbeto Ha CUCTEMCKMOT MeTabonusam Ha
XKeneso, XenuuavHOT MOXe [Jda npuaoHece 3a
opgbpaHata Ha [OMaKMHOT. XenuuauvHOT NPBUYHO
bewe naeHTUUKYBaAH Kako aHTUMUKpobeH nenTug
[17, 18]. WMako in vitro cTyguuTe yKaxyBaar
GakTepuumaeH edektn Ha xenuuauH, oBue edpektu
GapaaT  KOHUEHTpauuMu  MOBWCOKA  Of  OHue
3abenexaHn BO umMpkynaumjaTta. Taksute
KOHLEHTpauuM Moxe fda ce MOCTUrHe Ha JoKarHo
HMBO, Ha npuMmep, BO aro3oMn Ha WHULMPaHWUTE
makpodaru [77].

XenumanHOT UCTO Taka, MOXe UHOUPEKTHO Aa
npugoHece 3a opbpaHaTa Ha [OMaKVMHOT Mpeky
HamarnyeBake Ha KOHLUeHTpauujata Ha Xeneso BO
nnasmata. >Kenes3oto e HeoONxogHO 3a MUKPobeH
pact, UCTO Taka Hamarnysake Ha Xenesoto BO
nnasmata pgenyea Oaktepuoctartcku. [lokpaj Toa,
Oewe npoHajoeH XxenuuauvH 3a MoAenvpake Ha
nunononcaxapuaHo MHAyuupaHa TpaHckpunumja u Bo
KynTUBMpaHU Makpodary U UH BMBO BO [MyBYELLKU
mogen. [locnegHoBo HabrbyoyBawe yKaxyBa Ha
ynorata Ha XenuuauH BO MoOynupake Ha akyTeH
BocnanuteneH oaroBop Ha OakTepucka wHdekuunja
[78].

Peaynauuja Ha cuHmesama Ha xenuuluH

CuHTesaTa Ha XenuuauH e perynupaHa of
13MOIOLLIKM " NaToNOLLKU npoLecu.
KoHueHTpauujaTa Ha xenuuauH ce HamanyeBa BO
cuTyauumn kou Gapaat 3rofiemMeHa KOHUeHTpauuja Ha
uMpKynupadko »eneso. CuHTe3a Ha reHOT 3a
XenunavH e perynmpaH Ha TpaHCKpUNUMCKo HMBO [79].

[o neHec ce OTKpUEHW ABa rMaBHU naTvLITa
Oof, KNeToyHa curHanusauuja Kou ce BKIy4YeHW BO
TpaHcKpunumjaTa Ha XenuuauH.

1. MpBMOT nat e noBp3aH CO akTuBauuja Ha
LUTOMMa3MaTCKMOT NPOTEMH 3a TpaHckpunumja Stat3

Maken Men Enektp C. 2015 Asr 12; 2015;50010:14.
Maced Med Electr J. 2015 Aug 12; 2015;50010:14.
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‘CKU mpyad

.CurHaneH TpaHcajycep " aKkTuBaTop Ha
TpaHckpunuuja). lNMocne akTnBMpawe, OBOj MPOTEWH
ce npeHecyBa BO jagpoTo Kage LWTO akTueupa
TpaHCcKpunumMja Ha reHoT 3a XenuwuauH, Bp3yBajku ce
co agekBaTeH cermeHT Ha DNA [80].

2. Brop MmexaHmsam Ha KoHTponata Ha
TpaHcKkpunumja Ha xenuuaunH (CurHaneH nat 3aBUCEH
oa BMP/Smad) BknydyyBa Smad npoTemMHu (HUBHOTO
ume e kombuHaumja o4 UMETO Ha ABa XOMOMOrHU
npotemHn Sma n MAD) n kockeH mopdporeH npoTenH
(BMPs). BMPs ce nneoTponHuW curHamHu MOmneKkynu
o4 amunujata Ha pacteykn caktopu [80]. BMP -
CUrHanM3upayk1 naT ce MHUUMjanuampa no Bp3yBaHe
Ha BMP co BMP peuLenTOpCKMOT KOMMMEKC Ha
noBplIMHATa Ha KreTkaTa, KOj ja aktusupa
peuentopHata kuHa3a 3a da m docdopunmpa
uuTonnasmarcknte npotemHn SMAD1, SMAD5 wu
SMAD8. Oeue dochopunmpaHm, pPeLEenTOPCKU-
perynupaHn SMADs, dopmupaaT KOMNMEKC Cco
SMAD4, Koj ce COCToM O peLenTopCKu-perynupaH
SMADs n SMAD4, kou ce npeHecyBaaT BO jagpoTo 1
MHOyuMpaaT TpaHCKpunuuja Ha LEernHWOT TeH Kako
xenumavH [81, 82].

Bo perynaumja Ha  xenuuauHoT, ce
npeTnoctaByBa [deka Ce BKIyY4eHW Hajmanky 4
OAAENHN N pasfMYHK NaTmwTa:

1) perynauuja co CTaTycOT Ha XenesoTo,
)Kenes3oTo of XpaHaTta U OeNOHUPAHOTO XKeneso;

2) perynauuja co npoLec Ha BocnarneHue;
3) perynaumja co xmnokcuja/aHokcuja; n

4) perynaumja Cco epuTpoMAaHUTE (aKTopK
[83,84].

Peesynauyuja co cmamycom Ha xene3omo
(vemupu xunome3su CrIUYHU, HO Pa3fuyHU)

Bo cnyyaj Ha 3ronemeHa epuTpornoesa, Kako
Ha NMpUMep BO OAroBOpP Ha HeJOCTaTOK Ha XXeneso,
HamaneHa KoHLUeHTpauumja Ha XenuuauH ke pesynTtupa
co ocnobGogyBatbe Ha [ENOHWPaHO >Xeneso M co
3rofieMaHa ancopnuuja Ha xerneso of xpaHaTta [85-
8g].

PesepBute Ha >xeneso BO UpHUOT Apob u
LMPKYNMPaYknoT TpaHcdepuH Bp3aH 3a xeneso (Tf-
Fe2) paBaaT pas3nuuHM curHanu 3a CcuHTe3a Ha
XenuuauH o xenaTouuTuUTe Ha [NyBYELIKM MoAenu
[89-91]. LimpkynaTopHMOT TpaHCHEPUH CEe YMHW deka
€ BO XxenartouenyrnapeH KOMMJEKC, KOj BKIy4vyBa
TpaHcdepuHckn peuentop-1 (TfR1) TpaHchepuHcku
peuentop-2 (TfR2) u xemoxpomaTo3eH xeneseH
npotenH (HFE). Dedektn Bo TfR2 n HFE Bogat go
HamaneHa KOHUeHTpauumja Ha  XenuuaouH co
eKCTpakrneTo4YHa  CUrHanHo-peryrnaTopHa  KuHasa:
MUTOr€HCKM  aKTMBUPaH MPOTEMH KuMHa3eH naT
(ERK/MAPK) n/vinn KOCKeH MopdoreH
npoTenH/NpoTuB MajunH AekaneHTannernyeH
XOMOInoreH nat (Drosophila) (BMP/SMAD).

ce BO KOMYHMKauMja CO XEnuWAWHOT, Ha NapakpuH

UNn  aBTOKPUH HaumH. OBME  eKCTpaKNeTovHU
CcuUrHanHm MOneKkynu penysaaTt Ha
xenatouenynapHmot BMP peuenTtop 3a aktuBauwuja
Ha WHTpakneTtoyHnotr SMAD curHaneH nat u ja
sroneMyBaaT  TpaHckpunumjata  Ha  XenuuauH.
XewmojysanuHoT (HJV) n BMP kopeuentopot [92], ce
OCHOBHU 3a CMHTe3a Ha xenuuauH braejkn pasnmyHmn
XenuuanH perynaTopHu natuwiTa ce BO KOHBep3uja co
npoTemHuTe Bp3aHM 3a MembpaHaTta. Bo cnyyaun Ha
HUCKO >kene3o, MemOpaHckum Bp3aHuot HJIV ce
pacuenyBa o MaTpunTasa-2, TpaHCMeMOpaHCKu
npoteaseH cepuH 6 [93, 94]. OBa opBojyBame 0f
mMaTpunTasa-2 ja ocriabHyea BMP curHanusauumjaTta.

Perynauujata Ha xenuuguH npu
onTepeTyBakEe CO Xeneso € nocpedyBaHa Of KOCKEH
mMopdporeHeTckn npoTtemHckn (BMP)  peuentopeH

KOMMMNEeKC BP3 NOBpLUMHATA Ha xenaTtouuTtute [92, 95,
96]. OBOj kKOMMMEKC ce cocTom oA ABa npoteuHu: HFE
N xemojyBanvH. WMako TO4YHWTE  MOMeKynapHu
MEeXxaHM3MM Ce YLITE He Ce LeNOCHO pasjacHeTu, OBOj

KOCKeH MopdoreHeTCckn NPOTENHCKN (BMP)
peuenTopeH — KOMMMIEKC, Ce TMoBp3yBa CO
TpaHCcepuHckn peuentopn 1 u 2, HajBepojaTHO

NnoBp3yBajkn ja 4yBCTBUTENHOCTA 3a CEPYMCKOTO
)Kerneso Co cMHTe3aTta Ha xenuuauH [97, 98].

OCHOBHMOT MexaHu3aM CO KOj >KenesoTo
CTUMyInuMpa CUHTe3a Ha XenuuaunH e Co akTMBauuja Ha
BMP6-HJV-SMAD curHaneH nat. BMP6-SMAD
CUrHanHMOT naT BO UpHMOT Apob ce akTmeBupa oA
)Xeneso M cnocobHOCTa Ha Xenesoto ga cTuMynupa
CWHTe3a Ha xenuuamH 3aBucu o BMP-SMAD
curHanv. MexaHn3moT CO KOj HUBOTO Ha Xeneso BoAu
po sronemeHn BMP6-HJV-SMAD curHanu, ceyuwiTe He
e pobpo pasjacHeT. Belwe oTkpueHo geka HFE, TFR2
n TpaHcdepuH peuentop-1 (TFR1) moxe pga ce
BKITy4eHu BO 0BOj npouec [97, 99].

Peeynayuja co epumpoudHume ¢hakmopu
(8e8e xunomesu cruYHU, HO PasiuYyHU)

Belle oTkpreHo geka annuumpare Ha areHcu
ctumynatopu  Ha  eputponoesata (ESA) ja
HamanyBaaT XxenaTouuTHaTa CUHTE3a Ha XenuuauH
Kaj rmyBun, nyre un in vitro ctygum [100-103].
Eputponoesata 6apa 3HauuTenHW KOMUYMHKU Ha
Xerneso, 3aToa HamaneHa cuHTe3a Ha XenuuauH BO
LUpHUOT Apob of epuTPOonoeTCKUTe CUrHanmm e of
ronema uanonowka BaxHocT. Cenak, ceywTe He e
jacHo kako epuTpornoesarta ro perynupa xenuuMauHoT.
XunoTtesata feka eputponoetuHoT (EPO) penysa
OVPEKTHO BP3  XenaTouuTHWTE  peuentopu  BO
KneToyHn kyntypu [101] He M™oxewe pa oOuge
NMOTBPAEHO Kaj XXMBOTUHCKM MOAENN 3a aHemuja, LITO
nokaka Jdeka HamaneHa CuHTe3a Ha XenuuauH
3aBMCHa o epuTpornoesaTta He € QUPEKHO MeaumpaHa
ogn EPO [88,103]. BepojaTHO [ONOMHUTENHU
epuTponoeTckn hakTopu ja perynvpaart cuHTe3a Ha
xenuuamH wn uctute ponpea Tpeba pa 6Gupgar
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Perynaumjata Ha  npou3BOACTBOTO  Ha
XenuuauH of cTpaHa Ha epuTpornoesaTta OCTaHyBa
cnabo pa3bpaHa. EpeH unm noBseke
HeMaeHTUUKYBaAHN CUrHaNN O KOCKeHaTa CpLEeBMHa,
reHepvpaHn BO TEKOT Ha 3rofleMeHa epuTponoesa,
BOoAaT OO HamaneHo npou3BedyBawe Ha XenuuauH
[88, 103]. 3ronemeHata notpeba of BrpagyBake Ha
XKeneso BO XeMOrnobmHOT € nocpegyBaHa Co
3ronemMeHa UpeBHa ancopriyuja Ha >Xerneso u
ocnobogyBawe Ha OEMOHUPaHOTO  Xene3o  BO
peTukynoeHaoTenHMoT cucteMm. OBOj MexaHu3am Ha
CVrHamHa TpaHcaykuuja, ce YMHU MHOry cTabuneH u
cnocobeH e Ja ro 3agp>xum HUBOTO Ha XENUUAWH MHOTY
HACKO, AypyM W nNpu COCTOjOM Ha CUCTEMCKO
npeonTepeTyBakbe CO XKene3o Kako LTO MMa npu
Tanacemuja [104]. Bo oBaa KOHKpeTHa noarpyna Ha
naumeHTw, pact Ha dakTopoT 15 Ha
andepeHumnjaumja, ce cMeTa Kako CUrHam Ha KoCKeHa
cpueBMHa  KOj npeauMsBMKyBa  Ccynpecuja  Ha
xenuuaunHot [105].

Pezaynauyuja co xuriokcuja (HeEKOKy xurome3au
CIUYHU, HO pasnu4vHu)

Bo cnyyaj Ha 3ronemeHa epuTponoesa, Kako
Ha NpuMep BO OArOBOP Ha XMWMoOKcuja, HamaneHa
KOHUEHTpauMja Ha XenuuauH Ke pesyniupa co
ocnoGoayeate Ha [OEMOHMPAHO >Keneso U co
3rofieMaHa arncoprumja Ha >Xeneso co xpaHarta [85-
88].

HamaneHa cwuHTE3a Ha xenumanH OGelwe
OTKpMEeHa BO 0AroBoOp Ha xunokcuja in vivo [85, 106].
OBoj ecbekT MOXe Oa ce JOomKM Ha edeKToT Ha
xunokcuja, Ha EPO ekcnpecuja, Ha epuTponoeTcka
aKTUBHOCT U/MNn eBEHTYanHoO AMPEKTHa UHTepakuuja
CO XenaTouuTHUTE peLenTopu.

HamaneHa cuHTE3a Ha XxenuuauvH npu
XuUnokcuja Moxe pda Ouge npenuwaHa Ha xenap-
cneunduyHa ctabunmsaumja og akTop Koj nHayumpa
xunokeuwja (HIF)-1 [107] co edekt Bp3 BMP/SMAD
curHanHuot nat [108, 109]. danun HIFs gupekTHO ce
Bp3yBa CO XEMNUUOWHCKMOT MPOMOTOP BO MOMEHTOT
ceywte e  KOHTpoBep3Ho. Cenak, nocrtojart
WHOMPEKTHM MexaHu3Mm co kou HIFs moxe pa ja
perynupa cuHTE3a Ha XxenuuaumH. 3ronemMeHa
aktmBHocT Ha HIF e noBp3aHa co 3ronemeHo
pacuenyBawe Ha XeMOjyBEenUHOT MeaunpaHo of
MaTtpunTasa, a co Toa M HamaneHa CuHTe3a Ha
xenuuauH [109].

Xuvnokcujata € noteHumjaneH MHXubuTop Ha
CMHTE3a Ha XenuuauH Aypu M NpuM OTCYCTBO Ha
aHeMuja. MexaHn3MnTe He ce KOMMIETHO pasjacHeTw,
HO Ce cMeTa [feka Ce MnoBp3aHW CO (pakTop Koj
nHayumpa xunokcuja HIFs. HIFs ce xeTepoaumepHu
TpaHCKpUNUMOHWN  chbakTopu Kou cogpxaT anda
perynaTtopHa cybeguHuua (HIF-1a, HIF-2a, or HIF-3a)
n Geta cybeguHunua Koja ce ekcripecuMpa Ha noBeke
mecTa (HIF-183, ncro Taka nosHaTa kako ARNT).

Mpy HOPMOKCUYHM COCTOjOU, CO HOPMA S
KOHLeHTpauuja Ha >xeneso, HIF-a cybeguHunuarta
XNOpoKCUNnpa of KMCrnopogoT U Xeneso 3aBUCHUOT
2-oKcornytapaT 3aBUCHa OKCUreHasa, 3actaneHa Kako
Hippel-Lindau (VHL) npoTeuH n ce pasrpagysa.

Mpu xmnokcuja nnm coctojomn co HegOCTUT Ha
Xeneso, XugpokcunasHata akTMBHOCT Ce MHXMbupa
BO HIF-a cybeanHnua, TpaHcnouupajkm ce BO
jagporo, XeTepoanMepusnpajKku co ARNT, "
BP3yBajkn Ce CO MPOMOTOPHU eNleMeHTN OArOBOPHM 3a
xunoookcuja (HRES) og uenHu reHn 3a ga mogynupa
TpaHCcKpunumja Ha reHn [110].

MNako eneH msBewTaj cyrepupa geka HIF-1a
ce Bp3yBa AupektHo co HRES BO XxenuuanHCKMOT
npomoTop M Bp3yBakeTo co HIF ja noTuckHyBa
TpaHckpunuujata Ha xenuumamH [107], BO Apyrm
CTyoun ce noTBPAEHU CNpOTUBCTaBEHU MUCNeHa
[111,112].

AnTepHaTMBHM naTvWwTa CcyrepuvpaHn of
apyrn ctyamm Bknydyesaat gpyrm HIF-1 He3aBucHu, 2-
okcornytapaTt-3aBucHu natvwTta [112] unu naTtuwTta
KOW BKrydyBaaT peakTUBHW KUCNOPOOHW BWOOBU
[111].

MHTepecHo, dypuH Koj rn pacuenysa HJIV un
TFR1 wncto T1aka ce koampanHu on HIF uenHu rexHu
[113, 114]. HIF moxe ga ja NOTMCHe CuHTe3aTa Ha
XenuumanH MHANPEKTHO CO peaykuunja Ha BMP-SMAD—-
MeguMupaHa  MHAyKUMja Ha  XenuuanH  u/unu
peayuupaH HFE/TFR2-nocpegyBaHa XenuuamHcKa
nHAyKumja [113-115].

Peeynayuja co eocnaneHue

Bocnanenneto npeamsBukyBa  3roniemeHa
CuHTe3a Ha xenumauH [85, 106, 118], pesynTtupajkm co
HamaneHa [OCTanHOCT Ha UUPKYnMpa4vko Xeneso,
WTO ce npeTnocTaByBa [Jdeka MpeTcTaByBa
onbpambeH MexaHn3aM Ha YOBEYKMOT OpraHu3am KOH
eKCcTpakneTovyHnTe nponudeprpaykm naTtoreHn (Kow
Ce 3aBWCHU Of Kenes3o).

Mpn XpPOHWMYHM MHpIamMaTopHM COCTOjoU (o4
HU30K CTeneH), oBa BO KpajHa nuHWja BOAM [0
HamaneHa JOCTanHOCT Ha Xenes3o 3a epuTponoesara,
HapeyeHa aHeMuja Ha XxpoHunyHaTa 6onect [119].

BocnaneHneto n ontepeTyBake CO Xerneso
npeanssBuKaaT Npou3BOACTBO Ha xXenuuavH. Bo cnyyaj
Ha BoCManeHue, nNPUMapHUOT Meaujatop e Co
3roreMeHo HoBO Ha IL-6, wTOo nak npeansBukyBa
Bp3yBaHeTO Ha CUrHanNHWOT TpaHCAjycep U akTueaTop
Ha TpaHckpunumja (STAT) 3 co npoMOTOPOT Ha
XenuuauH, 3aronemMyBajku ja HeroBaTta akTuMBHOCT [120,
121].

CTyoumn Ha nyreTo CO XPOHUYHU UHEKUUN 1
Telwka BocrnanutenHa Oonect nokaxaa 3HaAYUTENHO
3rornemMyBak€ Ha HUBOTO Ha XenuuawH, LITO CWUIHO
cyrepvpa Aeka nokadeHu HMBOA Ha XenuuavH urpaat
KNy4yHa yrnora BO aHemMuja Ha BocnaneHue u
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Hajoobpo kapakTepusnpaHuoT MexaHu3am e
OMpeKTHa TpaHcKpunuucka akTuBaumja Ha
upHogpobHaTa CunHTe3sa Ha  xenuuauH co
WHTepneykmH 6 (IL-6) Bp3yBajku ce CO HEroBuoOT
peuenTopeH KoMMneKc Koj coapxun gpl30 akTnesumpajkn
ja JaHywoBata kuHasza (JAK) u aktMBaTtopoT Ha
TpaHckpunumja 3 (STAT3), koj ce Bp3ysa 3a DNA Bo
NpoKCMManeH xenunanH npomoTop [122-124]

Opyrn npovHdnamaTopHN LUTOKUHWU Kako IL-
1, ncTo Taka MOXe Aa yvecTByBaaT BO MHAyKuMWjaTa
Ha xenuunauH ([125].

Mugykumjata Ha xenuuauH og IL-6 ce unHum
neka 6Oapa HenpomeHeTn BMP-SMAD curHanHm
natuwTa nopagu 3aryba Ha xenaTo-crneuududeH
3aegHuYkM Mepgujatop Smad4 [126], npucycTBO Ha
pactBopimB HJV [96] wunu npucycTtBO Ha man

MonekyneH uHxubutop og BMP Ttun | peuentop
KMHa3a akTuMBHOCT [127], cuTe HapywyBayunm Ha
mHaykumja Ha IL-6 cuMHTE3a Ha  XenuuauvH.

[MoBp3aHoCTa Ha oOBME naTuwTa Ce YMHM [Jeka
OEenyMHO Brnvjae BpP3 HUBOTO Ha XenuuAaMHCKUOT
npomoTtop, kKage npokcumanHnotr BMP opgrosopeH
eneMeHT n STAT3 Bp3yBaykM efieMeHT ce BO
6nm3nHa, bugejku mMyTaumja Ha BMP ogroBopHuMOT
ereMeHT CepuOo3HO ja HapyllyBa WHAyKUMjaTa Ha
xenuuauvH of, IL-6.

MHory ckopo, BTOp MexaHu3am Oelue
oKapakTepusMpaH €O  KoOj  npouHdramaTopHuTe
UMTOKMHM K OakTepuckn nunononucaxapugn (LPS)
MoXaT da wWHAyuMpaaT CuHTe3a Ha XenuuauH.
MpouHdnamaTopHUTEe  LUMTOKMHM 1 BakTepucku
nvnononucaxapugn (LPS) aktuBupaat cTpec Ha
engonnasmartckm petukynym (ER) n opgroBop Ha
npotenMHuTe, 3roriemeHa ekcnpecuwja Ha CREBH
(umknmyHa AMP  oaroBop eneMeHT — Bp3yBauyku
npoteunH H), Koj ja akTuBMpa TpaHCKpUnumja Ha reHnTe
OLroBOPHM 3a aKkyTHa dasa BO LpHMOT Apob [128]. ER
CTpec UCTO BOAM 0 3rofieMeHa CuHTe3a Ha XenuuavH
co Bp3yBake co CREBH wu TpaHcakTvBauuwja Ha
XenuuanHckmoT npomoTop. ER cTpec e cyrepupaHo
Jeka CO TpaHckpunuuja perynvMpa CuHTE3a Ha
xenuuanH co CCAAT/ Bp3ayBadku npoTteunH (C/EBP)
xomonoreH npotenH (CHOP) un C/EBPa, nako oBa
HeMOXe [OVWPEKTHO Ada ce NoBp3W CO BocnaneHue
[129].

Kunemuka Ha xenyuduHom

HeonamHa Gelwe OTKPWEHO Aaeka
LUMPKYNMPaYKkMOT  XEenuuamH CcO pernaTMBHO BUCOK
acduHMTET € Bp3aH 3a a2-makpornobyrnuH u co
penaTMBHO HM30K aduHMTET co anbymuHoT. Ha Gasa
Ha TeopeTckn npecMeTkn, bele npoueHeTo aeka 11%
oA xenumanHoT cnobogHo umpkynupa [130].

Ekckpeuuvjata Ha xenunguH ce oasuMBa npeky
OybpesunTe, LITO € AOKAXKAHO CO Hao4 Ha XenuuauH —
20 n xenumauH — 22 dopmnute, KoM Cce CKpaTeHu

n3oopmn Ha xenumanH—25, Bo ypuHata [17].

KnupeHcoT Ha xenuuauH ce npeTnocTaByBa
[eKa ce 0aBMBa: - NPeKy KIeTo4YHa pasrpaaba 3aegHo
€O hbeponopTUHOT Ha MecTaTa Kage LITo AejcTByBa M
- CO eKckpeLuja npeky 6ybpesuTe.

[Mopagm HeroBaTa HUCKa MOMEKyNCcKa TEXUHA
W ManuoT paguyc, HEBP3aHWOT XenuuauvH Moxe
cnobofHO Ja MOMWMHE HU3 TNIOMEepPYNCKUOT unTep.
Bo manu ctyoum Ha nyre, genymHa ekckpeuuja Ha
xenuuaunH buna npecmeTtaHa geka e nomanky og 0%—
5% [131, 132], pen nopaau HerosaTta peancopnuuja,
CMMYHO Ha ApYrn Manu nenTuau Unn nNopagm Toa WTo
He ce dmnTpupan cnoboaHo.

Hoka3 3a oBue objacHyBarwa ce HaoauTe Ha
3rofieMeHa KOHLeHTpauumja Ha XenuuauH BO CepymoT
3a 1 oo 6 nmatm Kaj NauneHTUn Cco rromepyrncka
ancdyHkumja [133-137] cnopeaeHo co 20 oo 30 naTtu
3rofiemMeH 32-mukpornobynuH BO CepyMmor.
Ekckpeuuvjata Ha nNpoTeMHUTE CO HWMCKa MOMeKyncka
TEXMHA € pPEeYMcuM LEeNoCHO  perynupaHo oA
rmomepyrnckata dwuntpaumja. MoxHO e Bp3yBareTO
CO 02-mMakpornobynvH unu Apyr Bp3yBayku NPOTEWH
Aa npeBeHMpa UMPKyNupadkmoT xenuuanH ga 6buge
cnobogHo ounTpupaH.

Bo 3akny4yok, nocrtojaT €BWAEHTHM [JOKa3u
aeka XenesoTo npeTcTaByBa eceHumjaneH
MWUKPOENEMEHT 3a NMpPaBWUEeH pacT U pasBoj Ha cuTe
KrneTKn BO YOBEYKMOT opraHmM3am. Toa e npeamsBuk 3a
MHOTY Hay4HU paboTHULM M BPOjOT Ha Hay4YHM CTyaun
KOW ce MoBp3aHM CO MeTabonuaMoT Ha eneso € BO
MoCTOjaH nopact.

BnarogapHocT

HeunamepHa GnarogapHoOCT OO MOjOT MEHTOp
npod. a-p daHuua Jlabyposuk 3a nomoLuTa Koja My ja
npyxa npu nuwiyBaHweTo Ha OBOj Tpy[, KOj e Aen of
MojaTa [OKTOpCKa avcepTauuja.
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The metabolic syndrome (MS) is a complex of interrelated
risk factors for cardiovascular disease and diabetes. These
factors include hyperglycemia, hypertension, high
triacylglycerol levels, low HDL-cholesterol (HDL-c) levels, and
abdominal obesity. Evidence suggests that iron influences
glucose metabolism, even in the absence of significant iron
overload. Iron stores, expressed as serum ferritin
concentration, have been proposed to be a component of the
insulin-resistance syndrome. In 1997, Moirand et al. first
reported the presence of histologically proven liver iron
overload in overweight subjects with abnormal glucose
metabolism and dyslipidemia. The aim of this study was to
evaluate the correlation between serum levels of hepcidin and
ferritin in patients with metabolic syndrome in R.Macedonia.
The study included 240 subjects - 60 males are with MS and 60
males as control group. 60 females are with MS and 60 females
as control group. Individuals aged 18 years or older were
eligible to participate in the study. In this analysis we included
subjects with available complete data allowing their
classification according to established criteria for MetS. In
detail, the following features were considered: 1) abdominal
obesity, defined as the presence of waist circumference 2102
cm in men or 288 cm in women; 2) fasting plasma glucose >6.1
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mmol/l or drug treatment for elevated blood glucose; 3) serum
triglycerides > 1.69 mmol/l or drug treatment for elevated
triglycerides; 4) serum HDL cholesterol in men< 1.03 mmol/I
and <1.29 mmol/l in women or drug treatment for low HDL-C;
5) blood pressure 2130/85 mmHg or drug treatment for
elevated blood pressure. Statistical analysis showed that males
and females with MS had statistically higher ferritin levels than
control group. Statistical analysis showed that males and
females with MS had statistically higher hepcidin levels than
control group. Serum ferritin levels significantly correlate with
hepcidine in all participants with MS excluded females control
group.Body mass, BMI, waist circumference, hip circumference,
and WHR are statistically significant higher in subjects with MS
compared to control groups. Concentrations of lipid parameters
for all examinated groups. The concentrations of HDL-
cholesterol, triglycerides and apo A are significantly increased in
subjects with MS compared to control groups. It has been
demonstrated that the prevalence of MS is increasing
worldwide, largely the result of greater obesity and sedentary
lifestyles. The concentration of serum hepcidin is associated
with gender. Males hepcidine levels are higher than females
levels. We found a statistically higher hepcidin levels in both
groups with MS, compared to control groups, and males
hepcidine levels are almost twice higher then females hepcidine
levels in bout groups (control group and group with MS). The
authors found a strong positive relationship between increased
iron stores measured by the concentration of plasma ferritin
and risk of type 2 diabetes, impaired glucose tolerance and
metabolic syndrome in middle age and older people. The
average concentration of ferritin in men is almost twice higher
than in postmenopausal women, and three times higher than in
premenopausal women with metabolic syndrome.

© 2014 Sjournals. All rights reserved.

1. Introduction

The metabolic syndrome (MS) is a complex of interrelated risk factors for cardiovascular disease and
diabetes. These factors include hyperglycemia, hypertension, high triacylglycerol levels, low HDL-
cholesterol (HDL-c) levels, and abdominal obesity (de Carvalho et al.,, 2013, Alberti et al., 2009) .
Separately the MS components increase the risk of diabetes, cardiovascular disease and all-cause
mortality, but the full syndrome is associated with risk increases that are greater than the sum of the risk
of each feature (Gami et al., 2007). It has been reported that the association of MS with cardiovascular
disease increases total mortality 1.5 times and cardiovascular death 2.5 times ( Sociedade Brasileira.,
2005). People with MS also have a 5-fold higher risk of developing type 2 diabetes (de Carvalho et al.,
2013). It has been demonstrated that the prevalence of MS is increasing worldwide, and for the adult
population is estimated to be about 20 to 25%, largely the result of greater obesity and sedentary
lifestyles (de Carvalho et al., 2013, Alberti et al., 2009).

Evidence suggests that iron influences glucose metabolism, even in the absence of significant iron
overload (Fernandez-Real et al., 2002,Sam et al., 2013). Mildly elevated body iron stores are associated
with increased fasting serum insulin and blood glucose (Sam et al., 2013, Tuomainen et al., 1997). The
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underlying mechanism for the increased body iron stores in conditions of insulin resistance is unclear. Iron
stores, expressed as serum ferritin concentration, have been proposed to be a component of the insulin-
resistance syndrome. Indeed, the concentration of circulating ferritin was significantly associated with
centrally distributed body fatness as well as with several other measurements of obesity ( Fernandez-Real
et al., 2002, Gillum, 2001). In the apparently healthy general population, serum levels of ferritin were also
positively correlated with baseline serum glucose and with the area under the curve for glucose during
the glucose oral tolerance test ( Fernandez-Real et al., 2002, Tuomainen et al., 1997, Fernandez-Real et
al., 2002). Ferritin levels also correlated with diastolic arterial blood pressure, even after adjustment for
BMI ( Fernandez-Real et al., 2002).

In 1997, Moirand et al. first reported the presence of histologically proven liver iron overload in
overweight subjects with abnormal glucose metabolism and dyslipidemia ( Nicola et al., 2012, Moirand et
al., 1997). Nevertheless, the complex pathophysiological links between iron and metabolic derangements
remain poorly understood (Dongiovanni et al., 2011). In the last ten years, hepcidin has emerged as the
key iron-regulatory hormone (Ganz, 2011). It is a 25-amino-acid peptide predominantly synthesized in the
liver (Park et al., 2001, Pigeon et al., 2001). Hepatic secretion of hepcidin in response to iron overload
negatively regulates iron homeostasis. Hepcidin prevents iron efflux from enterocytes, macrophages and
hepatocytes into the plasma by inducing internalization and degradation of the iron exporter ferroportin
in these cells (Nemeth et al., 2004).

The aim of this study was to evaluate the correlation between serum levels of hepcidin and ferritin in
patients with metabolic syndrome in R.Macedonia.

2. Materials and methods

The study included 240 subjects - 60 males are with MS and 60 males as control group. 60 females
are with MS and 60 females as control group. Individuals aged 18 years or older were eligible to
participate in the study. In this analysis we included subjects with available complete data allowing their
classification according to established criteria for MetS. In detail, the following features were considered:
1) abdominal obesity, defined as the presence of waist circumference 2102 cm in men or 288 cm in
women; 2) fasting plasma glucose > 6.1 mmol/l or drug treatment for elevated blood glucose; 3) serum
triglycerides > 1.69 mmol/| or drug treatment for elevated triglycerides; 4) serum HDL cholesterol in men<
1.03 mmol/l and <1.29 mmol/l in women or drug treatment for low HDL-C; 5) blood pressure >130/85
mmHg or drug treatment for elevated blood pressure. Subjects were considered to have MetS when they
had at least three of the above-mentioned five traits.

Exclusion criteria were history of: cirrhosis or chronic hepatitis B and C, clinical evidence of bleeding
in the previous 6 months, anemia (hemoglobin <120 g / L), treatment with iron in the previous year,
alcohol consumption - women with daily consumption of alcohol > 40 g / day and men with daily alcohol
consumption > 60 g / day, donation of blood in the previous 6 months, haemochromatosis, concomitant
infections, malignant disease, chronic diseases other than diabetes mellitus type 2, immunosuppressive
therapy, acute infections or invasive procedures (operations, catheterization) in the previous 6 months,
neurological, endocrine or other systemic diseases, cardiovascular incident in the previous 6 months and
pregnancies.

A written informed consent was obtained for all the subjects included in the study. All subjects filled
out a questionnaire about the family history, physical activity and alcohol consumption. Subjects had light
indoor clothes and were barefooted during the measurement of their height and weight. Their standing
height was measured with stadiometer to the nearest 0.1 sm. Weight was measured using a digital weight
scale eith a precision of 0.1 kg. Waist and hip were measured with the tape measure. Waist-to-hip ratio
(WHR) was calculated by dividing the circumference of the waist by dividing of the hip. The blood samples
were taken after overnight fast (12 hours). Blood pressure was measured using a mercury manometer.
Lipid parameters, glucose, ferritin and transferine were measured in fresh sera by enzymatic methods,
using biochemical analyzer Biosystems A25. Hepcidin was determined by ELISA kit (DRG Hepcidin-25
bioactive ELISA, Marburg).

The data are presented as meant standard deviation (SD) and p < 0.05 is considered statistically
significant. The results were done with the SPSS version 16, statistical significance was test with paired
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Student’s t — test, and Pearson correlation coefficient was used for correlatin of hepcidin and ferritin
levels.

3. Results

All 240 participants were divided in 4 groups: males control group, females control group, males
with MS, females with MS.

Table 1
Concentrations of transferine, ferritine and hepcidine in 4 groups : males control group, females control
group, males with MS, females with MS.

Variables Males control  Males with MS p Females Females with p
group control group MS

Transferin 279.97+56.28 264.4161.47 0.151 232.86+35.43  246.62+40.95 0.053

Ferritin 120.17+70.66 197.95+142.57 0.000 69.02+49.36 118.98+70.31 0.000

Hepcidin 12.33+7.37 25.54+1.33 0.000 6.16+3.20 11.22+5.30 0.000

The concentration of ferritin in males control group was ranged from 9 to 309 (mean 120, 17 +
70,669) and in females control group was ranged from 10 to 257 (mean 69,02 + 49,36). The concentration
of ferritin in males with MS was ranged from 34 to 668 (mean 197,95 +142,57 ) and in females with MS
was ranged from 11 to 456 (mean 118,98+ 70,311). Statistical analysis showed that males and females
with MS had statistically higher ferritin levels than control group.

The concentration of hepcidin in males control group was ranged from 3 to 36 (mean 12,337 + 7,37)
and in females control group was ranged from 1,235 to 14,748 (mean 6,163+ 3,202). The concentration of
hepcidin in males with MS was ranged from 2,474 to 85,98 (mean 25,54 + 18,33) and in females with MS
was ranged from 2,933 to 24,055 (mean 11,228+ 5,302). Statistical analysis showed that males and
females with MS had statistically higher hepcidin levels than control group.

The anthropometric characteristics of each group are shown in Table 2.

Table 2
Anthropometric characteristic of participants.

Variables males control males with MS p females control  females with MS p
group group

Age (years) 39.73+12.256 51.03+7.94 0.000 43.57+12.183 54.70+6.426 0.000
Body mass (kg) 81.6110.65 96.35+16.57 0.000 74.47+17.766 84.90+14.451 0.001
Hight (m) 174.83+7.547 174.18+9.19 0.67 164.18+6.299 160.85+7.424 0.009
BMI (kg/m2) 26.75+3.543 31.67+4.298 0.000 27.57746.329 32.796+5.030 0.000
Waist circumference (cm) 91.33+11.419 109.68+13.25 0.000 92.002+14.702 107.45+£12.222 0.000
Hip circumference (cm) 99.52+10.186 11049.789 0.000 107.52+14.571 116.43+12.636 0.000
WHR 0.919+0.067 1.00240.0683 0.000 0.855+0.072 0.932+0.067 0.000

Table show that body mass, BMI, waist circumference, hip circumference, and WHR are statistically
significant higher in subjects with MS compared to control groups.
Serum ferritin levels significantly correlate with hepcidine in all participants with MS excluded
females control group.
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Table 3

Concentrations of lipid parameters in 4 groups: males control group, females control group, males with

MS, females with MS.

Variables Males control Males with p Females Females with p
group MS control group MS

Total cholesterol 5.1740.6 5.57+1.26 0.028 4.93+0.9 5.2+1.15 0.145

(mmol/I)

HDL- 1.41+0.33 1.1940.29 0.000 1.57+0.42 1.3240.27 0.000

cholesterol(mmol/I)

LDL- 3.02+0.55 2.94+1.49 0.711 2.83+0.82 2.86+1.09 0.852

cholesterol(mmol/1)

Triglycerides 1.49+0.53 2.59+1.26 0.000 1.18+0.47 1.97+0.83 0.000

(mmol/l)

Apo A 112.62+57.61  89.42+30.78 0.007  136.47+48.4 99.93+28.66  0.000

Apo B 150.6+ 33.29  179.22+30.78 0.000 148.04+39.41 161.224+31.13 0.044

Table 3 displays the concentrations of lipid

parameters for all

examinated groups. The

concentrations of HDL- cholesterol and triglycerides are significantly increased in subjects with MS

compared to control groups.

4. Discussion
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It has been demonstrated that the prevalence of MS is increasing worldwide, largely the result of
greater obesity and sedentary lifestyles. This is a problem because MS increase the risk of diabetes,
cardiovascular disease and mortality. The concentration of serum hepcidine is associated with gender.
Males hepcidine levels are higher than females levels.

We found a statistically higher hepcidin levels in both groups with MS, compared to control groups,
and males hepcidine levels are almost twice higher then females hepcidine levels in bout groups (control
group and group with MS).

In the recent years, a bulk of evidence, particularly from epidemiological studies (Bozzini et al., 2005,
Sheu et al., 2003, Jiang et al., 2004, Jehn et al., 2007) have established a link between iron metabolism
and insulin resistant states, including type 2 diabetes mellitus and the MetS (Rajpathak et al., 2009). On
the other hand, some prospective studies (Jiang et al., 2004), (Jehn et al., 2007) have shown a positive
association between baseline levels of ferritin, i.e. the best available serum marker of body iron stores
(Cook et al., 2003), and development of type 2 diabetes. The authors found a strong positive relationship
between increased iron stores measured by the concentration of plasma ferritin and risk of type 2
diabetes, impaired glucose tolerance and metabolic syndrome in middle age and older people (Liang et
al., 2008).

The authors found the average concentration of ferritin in men is almost twice higher than in
postmenopausal women, and three times higher than in premenopausal women with metabolic
syndrome (Istvan et al., 2007). The authors found ferritin concentration in serum is positively related to
dyslipidemia (Halle et al., 1997, Williams et al., 2002). The authors found ferritin is positively associated
with increased triglycerides in females and males with MS (Megan et al., 2004).The authors found ferritin
is connected to one or more of the characteristics of MS (Festa et al., 2002, Toumainen et al., 1997, Jehn
et al., 2004,Bozzini et al., 2005).

Of note, when women with or without MS were stratified by ferritin levels, MS women with ferritin
in the lower range had hepcidin levels significantly higher than non-MS counterpart. Since this was
particularly evident in women with ferritin levels indicating true iron deficiency where hepcidin is
generally almost completely suppressed (Traglia et al., 2011), this suggests that some MS-related factors
may affect hepcidin in this subgroup. On the other hand, the influence of MS per se on hepcidin levels
appears limited when iron stores are abundant.

Our results may warrant further studies on adults in this direction, particularly focusing on
differences by gender.

5. Conclusion

The concentration of serum hepcidine is associated with gender. Males hepcidine levels are higher
than females levels. The concentration of hepcidin was higher in males and females with MS compared to
the control groups. The ferritine showed a high correlation with hepcidine levels in all examinated groups
excluded females control group.
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hepcidin represents an appealing candidate to be investigated in subjects with metabolic syndrom features, but until

ABSTRACT

now methodological difficulties have hampered large epidemiological studies. The aim of this studie is to investigate the
relationships between hepcidin and metabolic syndrom. This study was carried out from January 2014 to August 2014
at the Department of medical biochemistry and Diabetes Center of Public Health Organization Clinical hospital d-r Trifun
Panovski in Bitola (R.Macedonia). The total number of patients with metabolic syndrom was 120, and the remaining 120
patients we have been chosen healthy people, blood donors. Hepcidin was determined by ELISA kit (DRG Hepcidin-25

bioactive ELISA, Marburg). We found the concentration of hepcidin in males and females with metabolic syndrom had

statistically higher than control group.
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Introduction

The metabolic syndrom (MetS) is a condition highly prevalent
in western countries, involving near one fourth of the adult
population [1]. The components of the MetS are: abdominal
obesity given as waist circumference for men >102 cm (>40
in) and for women >88 cm (>35 in); triglycerides >150 mg/dL;
HDL cholesterol for men <40 mg/dL and for women <50 mg/
dL; blood pressure >130/>85 mm Hg; fasting glucose >110
mg/dL. This components are defined by the third report of the
U.S. National Heart, Lung and Blood Institute’s Expert Panel on
Detection, Evaluation and Treatment of High Blood Cholester-
ol in Adults (ATP lll) (U.S. National Cholesterol Education Pro-
gram Expert Panel on Detection, Evaluation and Treatment of
High Blood Cholesterol in Adults, 2001) [2].

In 1997, Moirand et al. first reported the presence of histo-
logically proven liver iron overload in overweight subjects with
abnormal glucose metabolism and dyslipidemia [3].

This condition, later designated as dysmetabolic iron overload
syndrome (DIOS) [4], is now known to occur in about one
third of subjects with NAFLD and represents the most severe
counterpart of the so-called dysmetabolic hyperferritinemia
(DHF) [5]. Nevertheless, the complex pathophysiological links
between iron and metabolic derangements remain poorly un-
derstood [5].

In the last ten years, hepcidin has emerged as the key
iron-regulatory hormone [6]. Hepcidin was initially isolated
from plasma ultrafiltrate [7] and named liver-expressed anti-
microbial peptide (LEAP-1). Around the same time, it was iso-
lated from human urine and named hepcidin after its hepatic
origin and bactericidal effect in vitro [8].

The development of severe iron overload [9] by knocking out
the gene in mice suggested that hepcidin is involved in iron
metabolism, whereas this key role in regulation was under-
lined by the discovery of hepcidin mutations in patients [10].
Hepcidin was found to be regulated by inflammation, iron
stores [11], hypoxia and anemia [12].

The human hepcidin gene (HAMP; OMIM 606464), located
on chromosome 19g13.1, encodes a precursor protein of 84
amino acids (aa). During its export from the cytoplasm, this
full-length preprohepcidin undergoes enzymatic cleavage, re-
sulting in the export of a 64 aa pro-hepcidin peptide into the
ER lumen [13]. Next, the 39 aa pro-region peptide is prob-
ably posttranslationally removed by a furin-like proprotein
convertase7 resulting in mature bioactive hepcidin-25 (25 aa
form). In human urine, Park et al. also identified hepcidin-22
and hepcidin-20, which are N-terminally truncated isoforms
of hepcidin-25. It was confirmed that in addition to hepci-
din-25, the 20 aa isoform is detectable in both human urine
and serum, while the 22 aa isoform can only be detected in
urine [14]. These results support the hypothesis that the 22
aa peptide is merely an urinary degradation product of hepci-
din-25 [15].

Given its central role in iron homeostasis, hepcidin represents
an appealing candidate to be investigated in subjects with
MetS features, but until now methodological difficulties [16]
have hampered large epidemiological studies. The aim of this
studie is to investigate the relationships between hepcidin and
MetS.

Methods

This study was carried out from January 2014 to August
2014 at the Department of medical biochemistry and Diabe-
tes Center of Public Health Organization Clinical hospital d-r
Trifun Panovski in Bitola (R.Macedonia). All biochemical pa-
rameters were measured in a biochemistry laboratory at the
Department of medical biochemistry of Public Health Organ-
ization Clinical hospital d-r Trifun Panovski in Bitola (R.Mace-
donia), just hepcidin was measured in Deparmtent of Serology
in of Public Health Organization Center for Public Health in
Bitola(R.Macedonia). The study was approved by the Ethics
Committee of Health Organization Clinical hospital d-r Trifun
Panovski, and all of the procedures were performed in accord-
ance with ethical approval institutional guidelines. The study
protocol followed the ethical guidelines of the most recent
Declaration of Helsinki. Written consent was obtained from
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hospltal d-r Trifun Panovski, Bitola, R.Macedonia. Individuals
aged 18 years or older were eligible to participate in the study.
In this analysis we included subjects with available complete
data allowing their classification according to established crite-
ria for MetS. In detail, the following features were considered:
1) abdominal obesity, defined as the presence of waist cir-
cumference =102 cm in men or =88 cm in women; 2) fasting
plasma glucose > 6.1 mmol/l or drug treatment for elevated
blood glucose; 3) serum triglycerides > 1.69 mmol/l or drug
treatment for elevated triglycerides; 4) serum HDL cholesterol
in men< 1.03 mmol/l and <1.29 mmol/l in women or drug
treatment for low HDL-C; 5) blood pressure >130/85 mmHg
or drug treatment for elevated blood pressure. Subjects were
considered to have MetS when they had at least three of the
above-mentioned five traits.

Exclusion criteria were history of: cirrhosis or chronic hepa-
titis B and C, clinical evidence of bleeding in the previous 6
months, anemia (hemoglobin <120 g / L), treatment with iron
in the previous year, alcohol consumption - women with dai-
ly consumption of alcohol > 40 g / day and men with daily
alcohol consumption > 60 g / day, donation of blood in the
previous 6 months, haemochromatosis, concomitant infec-
tions, malignant disease, chronic diseases other than diabetes
mellitus type 2, immunosuppressive therapy, acute infections
or invasive procedures (operations, catheterization) in the pre-
vious 6 months, neurological, endocrine or other systemic
diseases, cardiovascular incident in the previous 6 months and
pregnancies.

The remaining 120 patients we have been chosen healthy
people, blood donors from the Department of Transfusion
Medicine of Health Organization Clinical hospital d-r Trifun
Panovski, Bitola, R.Macedonia. Patient had light indoor clothes
and were barefooted during the measurement of their height

and weight. Their standing height was measurec
ometer to the nearest 0.1 sm. Weight was measu: \C\&
digital weight scale eith a precision of 0.1 kg. Waisc
were measured with the tape measure. Waist-to-hip ™
(WHR) was calculated by dividing the circumference of the
waist by dividing of the hip. The blood samples were taken
after overnight fast (12 hours). Blood pressure was measured
using a mercury manometer. Hepcidin was determined by ELI-
SA kit (DRG Hepcidin-25 bioactive ELISA, Marburg).

The data are presented as mean+ standard deviation (SD) and
p < 0.05 is considered statistically significant. The results were
done with the SPSS version 16.

Results

All 240 participants were divided in 4 groups: males control
group, females control group, males with MetS group and fe-
males with MetS group.

Participants were age 18 to 60 years, for males control group
(mean 39,73 + 12,25), females control group (mean 43,57 =
12,2), males MetS group (mean 51,03 + 7,94) and females
MetS group (mean 54,7 + 6,43). There is not statistical signifi-
cant difference between age of patients.

The concentration of hepcidin in males control group was
ranged from 3 ng/mL to 36 ng/mL (mean 12,34 + 7,37) and
in females control group was ranged from 1,235 ng/mL to
14,748 ng/mL (mean 6,163+ 3,202). The concentration of
hepcidin in males with MetS was ranged from 2,474 ng/mL
to 85,98 ng/mL (mean 25,54 = 18,33) and in females with
MetS was ranged from 2,933 ng/mL to 24,055 ng/mL (mean
11,228+ 5,302).

Statistical analysis showed that males and females with MetS
had statistically higher hepcidin levels than control group.
Also, males hepcidine levels are higher compared to females
in bouth groups — control group and MetS group.

Table 1. Present statistical analyzes of correlation between hepcidin levels in two groups - control and MetS group

Contol groups N =120

MetS groups N = 120

Variable
males n= 60

females n= 60 [males n=60 females n=60

Hepcidin mean+SD, (median- ng/mL)

ng/mL

12,34 + 7,37 (10,99)

6,16 + 3,2 25,54 + 18,33 (20,75) 11,23 +£5,3
(5,6) ng/mL ng/mL (16,81) ng/mL

Difference males control g?roup vs MetS group
0

females control group vs MetS™ group

t=5,18 p=0,000001**
t=16,3 p=0,000**

The hepcidin concentrations in 4 groups: males control group,
females control group, males with MetS, females with MetS
are shown in Table 1.

Discussion

It has been demonstrated that the prevalence of MetS is in-
creasing worldwide, largely the result of greater obesity and
sedentary lifestyles. This is a problem because MetS increase
the risk of diabetes, cardiovascular disease and mortality.

In the recent years, a bulk of evidence, particularly from epi-
demiological studies have established a link between iron me-
tabolism and insulin resistant states, including type 2 diabetes
mellitus and the MetS [5,17].

Some prospective studies have shown a positive association
between elevated circulating ferritin concentrations and risk
of type2 diabetes and MetS independent of obesity, inflam-
mation, adipokines, and other risk factors [18]. View of iron
overload disorders has radically changed with discoverying of
hepcidin [6], which has been demonstrated to be inappropri-
ately low in genetic hemochromatosis [19].

Our results establish for the second time at population level
that subjects with MetS have increased serum levels of hepci-
din, the first one this was establish in 2013 year by Martinelli

[20].

We found that concentration of serum hepcidine is associated
with gender. Males hepcidine levels are higher than females
levels.

We found a statistically higher hepcidin levels in both groups
with MetS, compared to control groups, and males hepcidine
levels are almost twice higher than females hepcidine levels in
bout groups (control group and group with MetS ).

Recent experimental studies have found that leptin is able to
stimulate hepatic hepcidin production [21], and a positive cor-
relation has been found between serum levels of leptin and
hepcidin in obese children [22].

Since the discovery of hepcidin 15 years ago, multiple studies
have contributed insights into the regulation of hepcidin and its
functional properties. The first reliable assays to quantify hep-
cidin in human body fluids have recently been developed, and
proof-of-principle studies in human iron disorders highlight hep-
cidin as a promising novel tool in diagnostic medicine [23].

Conclusions
In summary, the rapid progress in the understanding of how
hepcidin controls iron homeostasis and the intense research as
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2cidin levels can be altered promise new therapies
e for diseases exacerbated by iron overload or iron

Our data support the crucial role of iron overload for metabol-
ic diseases, even in a country with relatively high prevalence of
iron deficiency.

In conclusion, hepcidin is a promising diagnostic tool but ef-
forts must be undertaken to assess the relevance of specifi-
cally measuring hepcidin-25, to harmonize assay outcomes
throughout the world, to define clinical decision limits, and to
make assays available to clinical laboratories before hepcidin
assays can be fully included in clinical practice.
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The metabolic syndrome is a condition highly prevalent in western countries. The serum ferritin concen-

tration reflects iron stores in the body. In the last fifteen years, hepcidin was established as the key iron-
regulatory hormone, closely related with metabolic syndrom. Aim of this study is to find elevated serum hepcidin and
ferritin levels in patients with metabolic syndrom in Macedonian population.The analysed group consisted of 240 sub-
jects — 50% of them with metabolic syndrome and 50% control group. Hepcidin levels were measured with ELISA kit
(DRG Hepcidin-25 bioactive, Marburg). Metabolic syndrome subjects have significantly higher serum levels of both fer-
ritin and hepcidin as compared to subjects in control group.The concentration of serum hepcidine and ferritin are as-
sociated with gender, males had higher levels compared to females for both groups-control and group with metabolic

syndrom.

Introduction

The metabolic syndrome (MetS) is a condition highly
prevalent in western countries, involving near one fourth
of the adult population (1). Although definitions vary, the
essential features of MetS are represented by the deadly
quartet of hyperglycemia, dyslipidemia, hypertension, and
obesity (2), leading to a substantial cardiovascular risk, but
also to risk of hepatic diseases, namely nonalcoholic fatty
liver disease.

Iron is a ubiquitous metal of vital importance to the nor-
mal physiologic processes of many organisms (3). The first
evidence linking iron to MetS was the observation that
patients with hereditary hemochromatosis were at higher
risk of developing type Il diabetes (4,5). Hemochromatosis
is an inherited disorder commonly associated with Euro-
pean ancestry. Patients with type 2 diabetes have a high
frequency of the C282Y mutation of the hemochromatosis
gene (6). The prevalence of diabetes (23%) and impaired
glucose tolerance (IGT) (30%) increased in hemochromato-
sis compared with matched control subjects (0% diabetes
and 14% IGT) (5).

The serum ferritin concentration reflects iron stores in the
body (7). Ferritin is a large hollow, symmetrical protein,
usually comprised of mixtures of two kinds of paired ho-
mologous but not identical subunits (heavy and light; H
and L; about 20 kDa) expressed from separate genes, for
a total 24 subunits and a molecular weight of about 480
kDa (8-10).

In the last fifteen years, hepcidin was established as the
key iron-regulatory hormone (11). Human hepcidin is pre-
dominantly produced by hepatocytes as a 25 amino acid
peptide (2789.4 Da) (12,13). At the molecular level, hep-
cidin acts by binding and inactivating its cell membrane
receptor ferroportin, the only known cellular iron exporter.
Ferroportin is particularly expressed by cells critical for iron
homeostasis, like absorbing duodenal enterocytes, reticu-
loendothelial macrophages (involved in iron storage and
recycling), and hepatocytes (involved in iron storage and

endocrine regulation) (14). Given its central role in iron ho-
meostasis, Martinelli et al. (15) in 2012 for the first time re-
ported increased serum hepcidin levels in subjects with the
MetS.

Aim of this study is to find elevate serum hepcidin and fer-
ritin levels in patients with metabolic syndrom in Macedo-
nian population.

Material & Methods,

The study included 240 subjects - 60 males with MetS and
60 males as control group; 60 females with MetS and 60
females as control group. The present study only analyzed
data on adults, aged 219 years old. In this analysis we in-
cluded subjects with available complete data allowing their
classification according to established criteria for MetS. In
detail, the following features were considered: 1) abdomi-
nal obesity, defined as the presence of waist circumference
>102 c¢cm in men or =88 cm in women; 2) fasting plasma
glucose = 6.1 mmol/l or drug treatment for elevated blood
glucose; 3) serum triglycerides > 1.69 mmol/l or drug treat-
ment for elevated triglycerides; 4) serum HDL cholesterol
in men< 1.03 mmol/l and <1.29 mmol/l in women or drug
treatment for low HDL- cholesterol; 5) blood pressure
>130/85 mmHg or drug treatment for elevated blood pres-
sure. Subjects were considered to have MetS when they
had at least three of the above-mentioned five traits.

Exclusion criteria were as followed: cirrhosis or chronic
hepatitis B and C, clinical evidence of bleeding in the pre-
vious 6 months, anemia (hemoglobin <120 g / L), treat-
ment with iron in the previous year, alcohol consumption
- women with daily consumption of alcohol > 40 g / day
and men with daily alcohol consumption > 60 g / day, do-
nation of blood in the previous 6 months, haemochroma-
tosis, concomitant infections, malignant disease, chronic
diseases other than diabetes mellitus type 2, immunosup-
pressive therapy, acute infections or invasive procedures
(operations, catheterization) in the previous 6 months, neu-
rological, endocrine or other systemic diseases, cardiovas-
cular incident in the previous 6 months and pregnancies.
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rovals for the study protocol and analysis of the
& - obtained from the institutional review board of

ar. Trifun Panovski Clinical Hospital. Written informed
consent was obtained from all subjects.

Clinical and laboratory measurements

Study data included a medical history, a physical exami-
nation, information provided by a questionnaire, anthro-
pometric measurements, and laboratory measurements.
The medical and drug prescription history were assessed
by the examining physicians. All of the participants were
asked to respond to a health-related behavior question-
naire, which included the topics of alcohol consumption,
smoking, and exercise.In addition, the participants were
asked about the frequency per week of physical activities
they engaged in that lasts long enough to produce perspi-
ration such as jogging, bicycling, and swimming (=1 time/
week).

Blood samples were collected after 12 h of fasting and
drawn from an antecubital vein. Serum levels of enzymes,
lipid profile, CRP, fasting serum glucose, urea, creatinine,
iron, ferritin wer measured by automated chemistry analyz-
er (Biosystems, Spain). Hepcidin levels were measured with
ELISA kit (DRG Hepcidin-25 bioactive ELISA, Marburg).

The data are presented as meanz standard deviation (SD).
The results were done with the SPSS version 13.
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256,6 = 232,86
Transferin |52 54 2799 = | 35 44|, _ er-so
(mg/dl) 56,28 t =545
mean+SD 249.0 276,5 238 p=
. ' *k
median, rang 134,0 - 185 — 416 134 — 0,000
416,0 335
6,16 =
Hepcidin 9,25 + 6,45 12,34 = 32 B
(ng/mL) 7,37 Z =538
. 6,77 097 36 |p-
mean=SD, -
median, rang 1,23 - 36,46 3_-365 ::212?5— ’

*p<0,05 **p<0,01

In Tab. 2 we can see that there is a significant statistical
difference between males and females serum concentra-
tions of iron, ferritin, transferine and hepcidine in partici-
pants included in control group. We can see that concen-
tration of iron, ferritin, transferine and hepcidine is higher
in males control group in a correlation with female partici-
pants in control group.

The values of the age in subjects with MetS are present in
Table 3.

Descriptive Statistics — age
Results min — p-value
The analysed group consisted of 240 subjects — 120 pa- N mean + SD max
tients with MetS and 120 subjects in control group. Total 120 (52,87 = 7,42 |32 - 60
The values of the age in control group are present in Table Male 60 |5103+794 [35-60 I fo_%gg**
1. Female |60 [547 +643 [32-60 |Ns
Control |Descriptive Statistics — age **p<0,01
group
Control IN |mean = sp |min - p-value In Tab. 3 we can see that there is not statistical significant
group max difeference between age of patients with MetS.
Total 120 41,65 = 12,318 - 60 Table 4. Present serum concentrations of iron, ferritin,
Male 160 ?Z;g * 18-60 |, 17 5 0,089 trensferin and ha.apcidin.e in subjects with the MetS.
NS Patients with MetS
Female |60 (43,57 = 12,2123 - 60 Variable Total Male Female p-value
As we can see in Tab.1 there is no significant statistical dif- ,1\15=7912+0 ?7=220+ ?4=320+
- - Iron (umol/l) | 22:27 = 149 = 20 = _
ferencle between age of male and female participants in 5,28 5,22 4,99 t = 3,07
t . +
control group mean=SD, 114,95 16,3 13,5 p=
! 0,0026**
Table 2. Present mean values +SD, median, rang of se- rang 5,7-288 17,6 -288|57-244
rum concentrations of: iron, ferritin, trensferin and hep-
cidine in control group. Ferritin (ng/ 15847 = |197 04+ |11898 «
Control group | p-value ml) 118,75 142’57 |70,31 |z = 4,04
Variable Total Male Female 1290
mean=SD, ! 149,5 11,5 p =
N=120 |n=60 |n=60 median,  [110 - 0,00005**
1397 = 6.0 1503 = 121,91 + rang 668.0 34 — 668 |11 - 456
=+ ! -
Iron (umol/l) |13:77 = 6.0 15 77 ' 7208 Transferin (23251 % 19644 + 246,62 +
+ 13,1 12,2 (mg/dl) ' 61,47 40,96 Z=1,89
mean=SD, 13,85 - 0.037* 2440
median, rang 3,7 - 32,4 3,7 - P ! mean+SD, ' 249 239 = 0,058
45-32,4 276 median, 172,0 - 172 _ 5821175 - 205 S
1202+ |6901% rang 582,0
Ferritin (ng/ (94,59 + 65,9 “ = 149,36 _ i i 18,38 + (2554 + (11,23
i 70,67 Z=1412 Hepcidin = 17594~ 1833 |53 7_5E4
82,0 N I (ng/ml) '
meanssD, |07 , . P > oo mean=sD, |14:29 20,75 (10,81 -
median, rang| 7% = S0 g _ 309 |0 median, 1247 - |247- [293-  |0.000
rang 85,98 85,98 24,05
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we can see that there is a significant statistical
snce between males and females serum concentra-
tions of iron, ferritin, and hepcidine in participants included
in control group. We can see that serum concentrations
of iron, ferritine, and hepcidine is higher in males control
group in a correlation with female participants.

Table 5. Present statistical analyzes of correlation be-
tween two groups - control and MetS group

C§8t°| groups N = lyeig groups N = 120
Variable
males n=|females |males females
60 n= 60 n=60 n=60
Iron 15,03 = 12,91 = 7,23 % 14,36 =
5,77 6,1 5,22 4,99
mean=SD,
median 13,85 12,2 16,3 13,5
Difference  males Control group vs MetS group
t=2,18 p=0,03*
females Control group vs MetS group t=14
p=0,16 NS
Ferritin 1202 = 69,01 = [197,9+ 118,98 =
70,67 49,36 142,57 70,31
mean=SD,
median 116,0 56,0 149,5 111,5
Difference males Control group vs MetS
group Z=3,2 p=001*
females Control group vs
MetS group  Z = 4,8 p=0,000002**
Transferin |279,9 + 232,86 + (264,4 + 246,62 +
56,28 35,44 61,47 40,96
mean=SD,
median 276,5 238 249 239
Difference  males Control group vs MetS group
t=14 p=0,15NS
females Control group vs MetS group t=1,96
p=0,053 NS
Hepcidin 12,34 * 2554 = (11,23 =
7,37 616=3.211833 " |53
mean=SD, 56
median 10,97 ! 20,75 10,81

Difference males Control group vs MetS group t = 5,18
p=0,000001**

females Control group vs MetS group
p=0,000**

*p < 0,05 **p < 0,01

t=63

In table 5 we can see that there is a statistical significant
difference betwin males control group and MetS group
(t =218 p=0,03 for p<0,05). There is present differ-
ence betwin ferritin levels for males control group and
MetS group (Z = 3,2 p=0,01for p<0,01) and for females
control group and MetS group (Z = 4,8 p=0,000002 for
p<0,01). Also there is present difference betwin hepcidin
levels for males control group and MetS group (t = 5,18
p=0,000001for p<0,01) and for females control group and
MetS group (t = 6,3 p=0,000 for p<0,01).

Discussion

In the recent years, a bulk of evidence, particularly from
epidemiological studies (16-19) have established a link
between iron metabolism and insulin resistant states,
including type 2 diabetes mellitus and the MetS (20,21).
Increased body iron stores predicted the development of
MetS and diabetes in healthy individuals of European an-
cestry (22) and recently in healthy East Asians (23). Increas-
ing evidence has shown that body iron excess is associat-
ed with one or more MetS components (16, 24-27).
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In our study we found that the males hepcidin g
ritine levels are higher compared to females .
groups — control group and MS group. MetS subjects
significantly higher serum levels of both ferritin and hep-
cidin as compared to subjects in control group, which is
similar to previous studies of Martinelli. Martinelli et al.
establish for the first time at population level that subjects
with MetS have increased serum levels of hepcidin. In sub-
jects of both sexes hepcidin increased linearly with increas-
ing number of the five classical MetS features. These data
indicate that the fundamental iron regulatory feedback
is preserved in MetS, i.e. that hepcidin tends to progres-
sively increase in response to a moderate increase of iron
stores, likely in the attempt to counterbalance it by limit-
ing intestinal iron absorptionin view of the rapidly growing
evidence for pleiotropic effects of hepcidin, this may have
relevant implications for the MetS pathophysiology (15).

Statistical analysis showed that males had statistically high-
er hepcidin and ferritin levels than women. That means
that concentration of serum hepcidine and ferritin lev-
els are associated with gender what is comparable to the
scarce data reported by a few other groups (28).

Galesloot TE et al (29) find variation in hepcidin concen-
tration over age differed between men and women. Men
showed a stable hepcidin concentration, although a non-
significant trend for an age-related increase in serum hep-
cidin was previously reported based on 65 men. In wom-
en, serum hepcidin concentration was substantially higher
for postmenopausal than for premenopausal women.

Elevated serum ferritin concentrations have recently
been implicated in the pathogenesis of many chronic
inflammatory diseases including the MetS (30). Cross-sec-
tional studies have shown associations of elevated serum
ferritin concentration with MetS (16, 26, 27).

Conclusion:

MetS subjects had significantly higher serum levels of
both ferritin and hepcidin as compared to subjects without
MetS. The concentration of serum hepcidine and ferritin
levels are associated with gender. In our study we found
that the males hepcidine and ferritine levels are higher
compared to females in bouth groups - control group and
MS group. Elevated serum ferritin concentration is impli-
cated in the pathogenesis of MetS. We show associations
of elevated serum ferritin and hepcidin concentration with
MetS.
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ABSTRACT:

Background: Hepcidin has emerged as the central
regulatory molecule of iron homeostasis. Iron deficiency and
iron overload play a major role in molecular insights of many
disease states and serum hepcidin normal values and bio-
chemical correlations are of substantial importance.

Objective: The aim of this study is to examine the
serum hepcidin reference range, gender and age differences,
menopausal dependence and biochemical correlates in
healthy subjects.

Methods: Serum hepcidin concentration was meas-
ured with a competitive enzyme-linked immunosorbent as-
say (DRG Hepcidin-25 ELISA Kit) together with
hemoglobin, hematocrit, serum iron, transferrin and C-reac-
tive protein in 120 healthy subjects both men and pre- and
post-menopausal women.

Results: Normal serum hepcidin values were found
in the range of 1,23 — 36,46 ng/mL (mean 9,25 * 6,45 ng/
mL).There were statistically significant differences in meas-
ured hepcidin levels between men (12,34 = 7,37 ng/mL)
and women (6,16 + 3,2 ng/mL) (p<0.01) and between pre-
menopausal (5,51 +2,8 ng/mL) and post-menopausal women
(7,29 £ 3,59 ng/mL) ( p<0,05). Strong correlations were
found with serum ferritin and hemoglobin but not with se-
rum iron, transferrin and CRP. No 5-year age interval differ-
ences were deemed significant.

Conclusion: Serum hepcidin concentration varied
substantially between subjects, which is reflected in wide
reference ranges. Serum hepcidin levels were gender and
menopausal status related and were in correlation with
hemoglobin and serum ferritin in healthy subjects.

Key words: hepcidin, range, gender, menopause,
healthy subjects,

INTRODUCTION

Hepcidin has emerged as the central regulatory mol-
ecule of systemic iron homeostasis. It is predominantly pro-
duced by hepatocytes as a 25 amino acid peptide (2789.4
Da), that is secreted into the circulation [1]. It has been
shown to bind in vitro to 42-macroglobulin and albumin in
human plasma [2]. Hepcidin is produced as an 84-amino
acid precursor that subsequently undergoes proteolytic
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cleavages to generate the mature form. Further hepcidin -
25 processing can result in the generation of two amino-
terminal truncated isoforms, hepcidin-22 (hep-22) and
hepcidin-20 (hep-20), which physiological role is still un-
clear [3]. Human gene named HEPC for hepcidin is con-
stituted of 3 exons and 2 introns located on chromosome
19, in close proximity to USF2 gene [4]. Acute phase pro-
tein hepcidin is the master regulator of iron homeostasis [5].
Hepcidin binds to ferroportin, the only known iron export
protein, which results in internalization and degradation of
this transporter, which then blocks iron export from
enterocytes and macrophages to the circulation [6].
Increased iron stores and inflammation decreases
hepcidin production, whereas hypoxia, anaemia, iron defi-
ciency, increased erythropoiesis and hepcidin synthesis.
Thus, inflammation decreases the availability of iron,
whereas hypoxia or anaemia increases iron release and ab-
sorption. Recent studies demonstrated that the hypoxia-in-
ducible factor (HIF)-1 alpha contributes to (down-) regula-
tion of hepcidin, which was suggested to be a direct tran-
scriptional mechanism or mediated by muscle-derived solu-
ble haemojuvelin, which may be increased by the HIF - de-
pendent induction of furin activity. However, the molecu-
lar mechanisms of the hypoxic or anaemic regulation of
hepcidin are far from being understood. Several studies
demonstrated that the induction of erythropoiesis and not
hypoxia or anaemia itself down-regulates hepcidin. The re-
lationship between hepcidin production and erythropoiesis
suggests presence of a regulator between the erythron and
the liver, and several candidates for this role have been pro-
posed, for example the soluble transferrin receptor (sTfR)
and the growth differentiation factor (GDF)-15 [7]. Deter-
mination of serum hepcidin concentration may be a help-
ful tool in screening for hereditary hemochromatosis, thus
preventing cumbersome procedures in the search for causa-
tive (rare) genetic variants. Furthermore, hepcidin concen-
trations have been suggested to negatively correlate with the
severity of hemochromatosis and to determine the progno-
sis and need for stringency of the treatment protocol.
Hepcidin concentrations may also be used in the manage-
ment of patients with iron-loading anemias. In addition,
hepcidin is a key in the diagnosis of iron refractory, iron
deficiency anemia and might contribute for diagnosis of iron
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Y ciency in patients with anemia of chronic diseases.
depcidin might be a potential marker in the prediction of
erythropoietin response and to guide treatment with erythro-
poietin and intravenous iron. Finally, measurement of serum
hepcidin concentration is important for the monitoring of
novel therapies for iron disorders that target hepcidin, its up-
stream regulators, or its downstream receptor ferroportin [8].

METHODS

Study population

The pilot study entailed a random sample of 120
male and female above or 18 years of age. The blood sam-
ples were taken between 8 AM and 10 AM; after overnight
fast (12 hours). All participants gave written informed con-
sent for participation in the study.

The following variables were extracted from the self-
administered questionnaire: length, weight, age, use of iron
supplements at time of blood donation for at least 6 months,
presence of anemia determined by a physician, being a
blood and/or plasma donor, pregnancy, and presence of a
regular menstruation, cirrhosis or chronic hepatitis B and
C, alcohol consumption - women with daily consumption
of alcohol >40 g / day and men with daily alcohol consump-
tion >60 g/day, haemochromatosis, concomitant infections,
malignant disease, chronic diseases, immunosuppressive
therapy, acute infections or invasive procedures (operations,
catheterization) in the previous 6 months, neurological, en-
docrine or other systemic diseases, cardiovascular incident
in the previous 6 months or pregnancies.

Laboratory methods

Serum hepcidin concentration was measured with a
competitive enzyme-linked immunosorbent assay (DRG
Hepcidin-25 ELISA Kit). It is a solid phase enzyme-linked
immunosorbent assay (ELISA), based on the principle of
competitive binding. The micro titer wells are coated with
a monoclonal (mouse) antibody directed towards an
antigenic site of the hepcidin-25 molecule. Endogenous
hepcidin-25 of a specimen sample competes with a
hepcidin-25-biotin conjugate for binding to the coated an-
tibody. After incubation, the unbound conjugate is washed
off and a streptavidin - peroxidase enzyme complex is added
to each well. After incubation, unbound enzyme complex

Table 1. The characteristics of the study population.

is washed off and substrate solution is added. The blue N

development is stopped after a short incubation time, turr— =

ing the color from blue to yellow. The intensity of color de-
veloped is reverse proportional to the concentration of
hepcidin in the specimen sample. Hemoglobin (HGB) and
hematocrit (HCT) were measured using the Sysmex
analyzer. Total serum iron was measured by colorimetric
measurement using ascorbate / Ferrozine reagents
(Biosystems) on an Biosystems analyzer. Serum ferritin
causes agglutination of latex particles coated with anti-hu-
man ferritin antibodies. The agglutination of the latex par-
ticles is proportional to the ferritin concentration was de-
termined by turbidimetry on Biosystems analyzer. Serum C-
reactive protein (CRP) causes agglutination of the latex par-
ticles coated with antihuman C-reactive protein. The agglu-
tination of the latex particles is proportional to the CRP con-
centration and it was measured by turbidimetry on Biosys-
tems analyzer.

Statistical analysis

Statistical analysis was performed with SPSS for
Windows release 16.0.2, using the standard descriptive
methods (mean + SD), and corresponding analytical tests.
Levene’s Test for Equality of Variances was performed to
determine the equality of variances, and appropriate inde-
pendent samples, while the Student’s t-test was used to com-
pare the means. The correlation between the results was
tested with the Pearson’s Correlation Coefficient. The data
are presented as mean+ standard deviation (SD) and p <0.05
is considered statistically significant

RESULTS

Characteristics of the study population

Study included 120 participants (age 41,65 + 12,3),
50% of them were males (age 39,73 = 12,25) and 50%
women (age 43,57 + 12,2). HGB and HCT were increased
in males, compared with women. The concentration of iron
was significant increased in males compared to females. Se-
rum ferritin concentration was considerably lower in women
than in men, which is in concordance with the lower me-
dian iron concentration and transferrin observed in women
compared with men.

Variables All Males Females P

N 120 60 60

Age (years) 41,65 £ 12,3 39,73 £ 12,25 43,57 £ 12,2 P=0,089 NS
Haemoglobin (g/dl) 139,76 + 14,5 149,7 = 11,75 129,82 + 9,3 P=0,000 p<0,01
Hematocrit (L/L) 0,415 £ 0,04 0,43 0,03 0,398 + 0,03 p = 0,000 p<0,01
Ferritin(ug/L) 94,59 + 65,9 120,2 + 70,67 69,01 +49,36 p= 0,00004p<0,01
Serum hepcidin (ng/mL)| 9,25 + 6,45 12,34 = 7,37 6,16 +3,2 p = 0,000 p<0,01
CRP(mg/1) 2,87 +2,8 2,69 +23 3,06 3,2 p=0,54 NS

Table 1 present characteristics of the study popula-
tion (N = 120). Data are means with std. deviation and p-
values of males vs females by t-test.
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Age- and sex-specific reference ranges for serum
r.epcidin concentration in the reference set

The concentration of hepcidin in all participants was
ranged from 1,23 — 36,46 ng/mL (mean 9,25 + 6,45 ng/mL).
Statistical analysis showed that males (3,493 - 30,471 ng/
mL) had statistically higher hepcidin levels than women
(2,740- 13,208 ng/mL). Reference values for hepcidin for
all participants were 2,933 - 21,913 ng/mL. Reference

ranges of serum hepcidin concentration in the reference% b
per 5-year age group are given for all participants in Tablc
2. Serum hepcidin concentration in men was almost con-
stant over age. Hepcidin concentrations in women trend up-
wards as they progress through menopause, with median
serum hepcidin concentration of 4,71 ng/mL for premeno-
pausal women and 6,39 ng/mL for menopausal women.

Table 2. Reference ranges for serum hepcidin (ng/mL) per 5-year age group for all participants

Age N Median 5% 95 %
18-24 10 7,9 3 15,3
25-29 20 5,76 3,03 19,1
30-34 9 6,57 2,93 16
35-39 13 14,74 3,25 30,79
40-44 14 6,072 3,42 22,57
45-49 16 6,1 1,23 30,6
50-54 14 8,55 4 20
55-59 15 7,06 2,74 22,01
60 9 10,43 2,13 36,46

The lowest median hepcidin concentration (3- 15,3
ng/mL) was found in the category 18-24 years of age,
whereas the highest median concentration was observed in
the category of 60 years of age ( 2,13 - 36,46 ng/mL). Se-
rum hepcidin concentration varied substantially between
subjects, which is reflected in wide reference ranges.

The median hepsidin values in healthy premenopau-
sal women is 4,71 ng / mL (rank 1,23 - 14,7 ng / mL), while
the group in healthy women after menopause amounts to
6,39 ng / mL (rank 2 13 - 14,67 ng / mL). Statistical analy-
sis confirmed the difference in values between hepsidin
healthy women before and after menopause as significant
for p <0.05 (Z = 1,94 p = 0,042).

Table. 3. Values of hepcidin in pre-menopausal and post-menopausal women

Females
Parameter(units) Pre-menopausal Post-menopausal p-value
n =38 n=22
Hepcidin(ng/mL)
mean=SD, 5,51 +2.8 7,29 + 3,59 7 =194
range 1,23 - 14,7 2,13 - 14,67 p = 0,042%
p<0,05 **p<0,01

Biochemical correlates of serum hepcidin concen-
tration

We found that hepcidin levels were strongly corre-
lated with HGB and HCT (R = 0,428, p < 0,05; R = 0,347,
p < 0,05) (Table 4). A positive association between iron and
serum hepcidin concentration was observed (R = 0,189 p <
0,05) (Table 4).Additional statistically significant associa-
tions were found for increasing serum hepcidin concentra-

/J of IMAB. 2016, vol. 22, issue 2/

tion and ALT (R=0,186, p < 0,05) (Table 4).

These analyses revealed ferritin to be most strongly
associated with serum hepcidin concentration. CRP and
transferrin were not statistically significantly associated with
serum hepcidin (Table 4).
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Table 4. Results of correlations of hepcidin with: HGB, HCT, serum iron cocentrations , CRP, ferritin and t: b

~errin.
Hepcidin with Spearman Rank (R) p - value
HGB R = 0,428 p < 0,05
HCT R = 0,347 p < 0,05
Iron R =0,189 p < 0,05
CRP R =0,146 p> 0,05
Ferritin R =0,577 p < 0,05
Transferin R = 0,016 p> 0,05
DISCUSSION

In this study, we used a newly developed ELISA test
from DRG (http://www.drg-diagnostics.de) with monoclonal
antibodies against bioactive hepsidin-25, without detectable
cross reactivity against pro hepcidin, d-fetoprotein, human
chorionic gonadotropin, human placental HPL and follicle
stimulating hormone. We set found hepcidin reference val-
ues in healthy population in the range 2,933 - 21,913 ng /
ml. These results confirm data from the study in a Geert et
al. [9] that use the same kit and receive reference values
20.5-66 ng / mL. Ashby et al. [10] are reference values for
hepcidin in healthy volunteers in the range of 2-56 ng / ml,
with a median of 11 ng / ml. In our study a statistically sig-
nificant difference between sexes was found - namely
hepcidin is significantly higher in men compared to women.
A similar study of Ganz T et al. [11] shows that men have
higher concentrations of hepcidin than women. It was also
found that post-menopausal women have significantly higher
levels of hepcidin compared to pre-menopausal women.
These results confirmed the data of Galesloot TE et al. [8].

Still hepcidin was significantly higher in men compared to
both pre-menopausal and post-menopausal women. These
differences are almost double between men and women af-
ter menopause and triple between men and women in the
period before menopause. When examining correlations se-
rum concentration of hepcidin were strongly bound to ferri-
tin, but not to transferrin. These results confirm published
data from Galesloot TE et al, Roe MA et al. [8, 12]

CONCLUSION

ELISA method for hepcidin determination is charac-
terized by high reliability and analytical selectivity for ac-
curate quantification of hepcidin with relatively short analysis
time and provide insights of hepcidin relationships with gen-
der, age and menopausal status in women. Our study pro-
vides age- and sex-specific reference ranges of serum
hepcidin concentration and indicates ferritin as the primary
correlate of serum hepcidin concentration.
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Metabolic syndrome is consisted of a set of metabolic disturbances which support the risk increasing of cardiovascular
disease and diabetis mellitus. Aim of this study is to present impact of lipid status, liver enzymes and iron homeostasis on

ABSTRACT

metabolic syndrome among adult people. The study included 240 subjects at the age of 18 to 65 who were divided in two
groups(examined and control group). The total number of patients with Metabolic syndrom was 120. In our research it
was confirmed that at patients with metabolic syndrome there are increased values of feritin and hepcidin compared to the
control group. In our research difference in the values of cholesterol statically was confirmed as significant which is due
to the significantly higher values of cholesterol in the group with metabolic syndrome compared to the group of healthy

people. We discover that the tests for liver function are higher at women with metabolic syndrome compared to the control

group of women.

KEYWORDS

lipid status, iron, metabolic syndrome

Introduction

Metabolic syndrome does not represent new medical condi-
tion. In early 1920 Swedish doctor Kylin published interesting
observations for aggregation of some metabolic risk factors
(1). Still the term “metabolic syndrome” was not formilized
until 1998 (2). Other terms which are used as synomims to
metabolic syndrome are: syndrome X (3), deadly quarter (4)
and syndrome of resistance of insulin (5).

Metabolic syndrome is consisted of a set of metabolic distur-
bances which support the risk increasing of cardiovascular
disease and diabetis mellitus (6,7). In 2001 National program
for education for cholesterol (NCEP:ATPIIl) announced its defi-
nition which includes at least three of five criteria for metabol-
ic syndrome (8).

Definition of metabolic syndrome according to ATP Il Panel Il
for treatment of adults clinical identification of metabolic syn-
drome (8).

1) abdominal obesity, defined as the presence of waist circum-
ference =102 ¢cm in men or =88 cm in women;

2) fasting plasma glucose > 6.1 mmol/l or drug treatment for
elevated blood glucose;

3) serum triglycerides > 1.69 mmol/l or drug treatment for ele-
vated triglycerides;

4) serum HDL cholesterol in men< 1.03 mmol/l and <1.29
mmol/l in women or drug treatment for low HDL-C;

5) blood pressure >130/85 mmHg or drug treatment for ele-
vated blood pressure.

Risk factors for appearance of metabolic syndrome are : over-
weight, physical inactivity, getting older, diabetis mellitus and
etc.

Etiology of metabolic syndrome includes: resistance to insulin,
increased size of the waist, dyslipidemy, intolerance of glucos-
es, hypertension, adiponectin and etc.

Aim of this study is to present impact of lipid status, liver en-
zymes and iron homeostasis on metabolic syndrome among
adult people.

Material & Methods,

This study was carried at the Department of medical biochem-
istry and Diabetes Center of Public Health Organization Clini-
cal hospital d-r Trifun Panovski in Bitola.

The study was approved by the Ethics Committee of Health
Organization Clinical hospital d-r Trifun Panovski, and all of
the procedures were performed in accordance with ethical ap-
proval institutional guidelines. The study protocol followed the
ethical guidelines of the most recent Declaration of Helsinki.
Written consent was obtained from the participants prior to
the start of the study.

The study included 240 subjects at the age of 18 to 65 who
were divided in two groups (examined and control group).

The total number of patients with metabolic syndrom was
120, recruited from Diabetes Research Centre of Health Or-
ganization Clinical hospital d-r Trifun Panovski, Bitola, R.Mac-
edonia.

Individuals aged 18 years or older were eligible to participate
in the study. In this analysis we included subjects with avail-
able complete data allowing their classification according
National program for education for cholesterol (NCEP:ATPIII)
which includes at least three of five criteria for metabolic syn-
drome.

Exclusion criteria were history of: cirrhosis or chronic hepa-
titis B and C, clinical evidence of bleeding in the previous 6
months, anemia (hemoglobin <120 g / L), treatment with
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orevious year, alcohol consumption - women with
Y _mption of alcohol > 40 g / day and men with dai-

malignant disease, chronic diseases other than diabetes mellitus
type 2, immunosuppressive therapy, acute infections or inva-
sive procedures (operations, catheterization) in the previous 6
months, neurological, endocrine or other systemic diseases, car-
diovascular incident in the previous 6 months and pregnancies.

The remaining 120 patients are healthy people, blood donors
from the Department of Transfusion Medicine of Health Organi-
zation Clinical hospital d-r Trifun Panovski.

Clinical and laboratory measurements

Study data included a medical history, a physical examina-
tion, information provided by a questionnaire, anthropometric
measurements, and laboratory measurements.

The medical and drug prescription history were assessed by
the examining physicians. All of the participants were asked
to respond to a health-related behavior questionnaire, which
included the topics of alcohol consumption, smoking, and
exercise.In addition, the participants were asked about their
physical activities per week, duration of the same in order to
produce perspiration such as jogging, bicycling, and swim-
ming (=1 time/ week).

Blood samples were collected after 12 h of fasting and drawn
from an antecubital vein. Serum levels of enzymes, lipid pro-
file, iron, ferritin wer measured by automated chemistry ana-
lyzer (Biosystems, Spain).

Hepcidin levels were measured with ELISA kit (DRG Hepci-
din-25 bioactive ELISA, Marburg).

The data are presented as meanz+ standard deviation (SD). The
results were done with the SPSS version 13.

Results

The average age of the examined group of patients with met-
abolic syndrome is 52,87+7,42, the youngest patient with
metabolic syndrome is 32 years old and the oldest is 60 years
of age. Men from the examined group with average age of
51,03+7,94 are significantly younger than women from the
same group who are at the average age of 54,7+6,43 (t=2.78
p=0,006).

Analyses of lipid status

Average values of cholesterol in the whole examined group
and in groups male and female respondents are 5, 39+1, 22,
5, 58+1, 26 u 5, 21+1, 16 correspondingly. The average value
of cholesterol is insignificantly higher in the group of sick male
respondents (p>0,05).

Insignificant differences are registered between men and
women from the examined group and regarding the average
values of HDL-cholesterol (1,19+0,29 Bc 1,32+0,28 p>0,05).

Values of LDL-cholesterol in the examined group are in the
range from 1,05 — 6,34, with average value that is medium
of 2,95.In male examined group LDL-cholesterol has minimal
value of 1,25, maximal 6,34, medium of 2,98, while in the
female examined group values of LDL- cholesterol are in the
range from 1,05 to 5,72, with medium of 2,94.Statistic anal-
yses confirmed the values of LDL- cholesterol in the group of
male with metabolic syndrome significantly higher from fe-
male with metabolic syndrome (Z=2,53 p=0,011).

Troglycerides in the examined group have medium from range
(0,76 - 6,35). In group with metabolic syndrome men have me-
dium of 2,33 (range 0,81 - 6,35), women have medium value of
triglycerides 1,81 (range 0,76 — 4,35). Value of triglycerides is sig-
nificantly higher at group of men with metabolic syndrome com-
pared to the group women with metabolic syndrome (Z=3,16
p=0,0016).

Values of ApoA in the group with metabolic sync: e 3
the range of 56,0 — 171,0, with medium of 87,\y
group of examined men ApoA has medium of 78 (ru:
170), while in the group examined women values Apos ==
medium of 82, 5 (range 57 — 171). Differences in values of
ApoA between men and women with metabolic syndrome
were also statistically confirmed as significant as a result of
evidently higher values in the group of women with metabol-
ic syndrome (Z=2,59 p=0,0096).

Average value of ApoB in the whole examined group in
both male and female examined group is 170,22+32,13,
179,2+30,79 and161,22+31,13 consequently. Statistic analy-
ses confirmed that the sex has significant influence to the val-
ues of ApoB at respondents with metabolic syndrome that is
men with this disease have significantly higher average values
of ApoB compared to women (t=3,18 p=0,0018).

Table 1. Present mean values +SD, median, rang of serum
concentrations of: cholesterol, HDL-cholesterol, LDL-cho-
lesterol, triglycerides, ApoA, apoB in patientrs with meth-
abolic syndrom.

Variable Total Males Females
(unit) N=120 |[N=60 |[N=60 [Pvalue
Cholesterol
558+ (521«

(mmol/l) 5,39 + 1,22[1'26 116 |,_
mean=+SD, 531 553 517 t=1,66
median, >4-889 [2'97 - >a_ p=0,099 ns
rang "7 |8.89 7.9
HDL-cho-
(ometl  [126 2020|119 % |0:38*
mmol , + U, ! - , —
mean+SD,  |1.2 %22 |13 =033
median, 06-20 |yg_20]063- [P=
rang ' "~ 11,96
LDL-cho-
lesterol 295+ (2,87 %
(mmol/l) 2,91 +1,31|1,5 1,09 7=2 53
mean=+SD, 2.95 2,98 2:94 5071+
median, 1:05-6,34|1.25- |[1.05- |P=%
rang 6,34 5,72
Triglycerides 259 4+ 197 +
(mmol/l) 228+1,11|126 084 |-_
mean+SD, 517 2'33 1'81 7=3,16
median, 076 -6,350.81~ |0'76- |P=0.0016**
rang ' 716,35 435
ApoA(mg/dl) |94,67 99,93 +
meanssb, - 3009 (8242 12867 T |, oo
medlan, 87,5 78' 82,5 :0'0096**
rang 56.0 — te_17052- |7

171,0 171
ApoB(mg/dl) 170,22 = [179,2+ |161,22+
mean+SD, 32,13 0,79 3113 12313
median, 167,79 183,08 155,42 |- 501 g%
rang 78,0 — 108,7 - |78~ |P=Y

240,35 2403 [232

*p<0,05 **p<0,01

Analyses of enzyme status

All enzymes which were analyzed in the research (ALT, AST
u GGT), have significantly higher serum concentrations in
a group of men with metabolic syndrome compared to the
group of women with metabolic syndrome. Values of the en-
zyme ALT in the group with methabolic syndrome have me-
dium of 30,2( range 8,1 — 82,0), while in the group of male
and female respondents ALT has medium of 39,23 (range
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,6) and medium of 23,7 (range 8,1 — 82) conse-
4,47 p<0,000008).

s m of the values of the enzyme AST in the group with
methabolic syndrome is 26,65 (range 18,3 — 79,70), in male
examined group is 28,3 (range 19,3 — 79,7), while in the
female examined group the values of AST are considera-
bly lower with medium 25,55 ( range 18,3 - 79,0) (Z=2,17
p<0,029).

In the group of respondents with metabolic syndrome the
measured serum concentrations of the enzyme GGT are in the
range from 7,4 to 101,1, with average of 31,0. This enzyme
also presents significantly higher values in the examined group
of men compared to the examined group of women. (Z=5,49
p<0,001). GGT enzyme has medium of 40,0 in the group of
men and 22,6 in the group of healthy women.

Table 2.Present mean values +SD, median, rang of serum
concentrations of: AST, ALT, gGT in patientrs with metha-
bolic syndrom.

Variable |Total Males Females

(unit) N=120 |n=60 |n=60 p-value

ALT(U/L) 43,59 +

meansSD, 13398 * 20097~ (#8321 *  |z-447

median, 302 39,23 237 8 = o

rang 8,1' 2820 213125 -8 1_ 8 ,000008

AST(U/L) 30,94 + [33,55 +

mean=SD, [13.6 1556 (#8833 | _ 5

median, |26,65 28,3 25'cC Z0029*

rang 183 [193- 9330 790 p="0
7970 |797 ' :

GT(U/L) (36,63 = |45,86 +

Meanssp, (22,26~ (2266~ [2241= | o

median, (31,0 40,0 29 = 2081

rang 74— 105 - g 46_ 101 1 p <000
101,1 100 . .

*p<0,05 **p<0,01

Analyses of iron, its transporters feritin, transferin and
hormone regulator of iron hepcidin.

The average value of the serum iron in the examined group
is 15,79+5,28, that is 17,23+5,22 in the examined group of
men and 14,36+4,99 in the examined group of women. For
p<0,01 there is significant difference in the average values of
the serum iron between men and women from the examined
group as a result of significantly higher average values in the
group of men with metabolic syndrome (t=3,07 p=0,0026).

Men from the examined group have significantly higher val-
ues of feritin than women from the same group (Z=4,04
p=0,00005). Medium that is the average value of feritin in
the group of examined men and women is 116,0 ( range 34 —
668) and 11,5 (range 11 — 456) consequently.

In the group with methabolic syndrome values of transferin
are registered in the range of 172,0 to 582,0, with average
value of 244. Male and female respondents have insignifi-
cantly different values for (p>0, 05).

Results from our research showed that at the respondents
with metabolic syndrome, sex has significant influence to the
values of hepcidin (Z=5,54 p<0,001). Men with metabolic syn-
drome have significantly higher values regarding the respond-
ents from female sex. Value of this hormone regulator of iron,
in male examined group has medium of 20, 75 (range 2, 47
- 85, 98), while in the female examined group the medium of
hepcidin is 10, 81 (range 2, 93 — 24, 05).

In the whole group of respondents with metabolic syndrome
the values of hepcidin are in the range from 2,47 — 85,98,
with medium 14,29.

Table 3.Present mean values + SD, median, rang of serum
concentration of: iron, ferritin and hepcidin in patients

with metabolic syndrom

Variable  [Total Males
(unit) N =120 N =60

Iron

(umol/Il) 1

mean+SD, 15
5

median,
rang

Ferritin
(ng/ml)
mean+SD,
median,
rang

Hep-
cidin(ng/
mL

Ul
H

S

0
©

50050
)
e

ONBD

~
NN TIN
U= —

m;;;A
oy

H

U100 N—=N—=U1
< 00~

CRNE

mean+SD,
median,
rang

** p <0,01

O — — —
O~NNNW C
00| Ok |O;

Results from the comparative analyses of respondents
from the control group and examined group

In this part of the research results are presented that were re-
ceived by comparison of the healthy respondents and the re-
spondents with metabolic syndrome.

At the same time parameters where the significant difference
by sex has not been confirmed, only the difference between
control and examined group has been tested while for those
parameters for which there is significant difference regarding
sex, the differences between men from the control group and
men from the examined group have been compared as well as
between women from the both groups.

Analyses of lipid status control group / the group with
methabolic syndrome

The average value of cholesterol has value 5, 05+0, 8 in the
control group of respondents, and 5,39+1,22 in the group
with methabolic syndrome. Difference in the average values of
0, 3 statistically was confirmed as significant (t=2, 6 p=0, 01),
which is based on significantly average values of cholesterol in
the group with metabolic syndrome compared to the group of
healthy respondents.

Results from our research showed that men from control
group and the group with methabolic syndrome have signifi-
cantly different values of LDL- cholesterol, and the remaining
analyzed parameters of lipid status: HDL- cholesterol, triglycer-
ids, ApoA and ApoB significantly differ between men from the
control group and the group with methabolic syndrome.

Men from the control group have significantly higher average
values of HDL- cholesterol compared to the men from the ex-
amined group (1,4+0,3 Bc 1,19+0,29 t=3,8 p=0,0002).

Triglycerides have significantly lower values in the control
group of men compared to the sick group of men (medium 1,
44 vs.2,3372=5,98 p<0,001).

Values of ApoA present significnaly higher values in the group
of men without metabolic syndrome compared to the group
of men with metabolic syndrome (medium 99 vs78 7=2,33
p=0,02).

In the control group men significantly lower values ApoB are
registered compared to the examined group of men (150,
6+33, 3 Bc 179, 2+30, 79 t=4, 89 p=0, 000003).

Women from the control group and the group with metabol-
ic syndrome as well as men insignificantly differ regarding the
values of LDL- cholesterol, and significantly differ regarding
HDL- cholesterol, triglyceride, ApoA and ApoB.

The average values of HDL- cholesterol in the group of healthy
and the group of sick women are 1,58+0,4 u 1,32+0,28
consequently. Statistically seen the difference between two
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Jnificant (t=3,87 p=0,00018), as a result of signif-
Y er average values in the control group of women.

> of triglycerides are significantly lower in the group
without metabolic syndrome (medium 1, 05 vs. 1, 81 Z=5, 68
p<0,001).

Women from the control group have significantly higher
values of ApoA compared to the women of the group with
metabolic syndrome (medium 133, 5 vs. 82, 5 Z= 4, 47 p=0,
000008).

In the group of healthy women significantly lower values are
registered of ApoB compared to the group of women with
metabolic syndrome (148, 16 vs. 155, 42 t=2, 03 p=0,044).

Table 4. Present statistical analyzes of correlation be-
tween serum concentrations of cholesterol in two groups

AB)oA(mg/
d) o cp 212075 136,47 £ 189 474 30,7 |99,93 + 28,67
median (99,0  [1335 |78 82,5

'

tested differences males control group /males with meta-
bolic syndrom Z=2,33 p=0,02*

females control group/females with metabolic
syndrom Z = 4,47 p=0,

- control and group with metabolic syndrom ApoB(mg/
grote y : o9 1506+ 148,04 179 943079|161,22+31,13
Control group Group with mean+SD, (33,3 12816 183.08 155.42
Variable N=120 metabolic syndrome median 150,775 '
(unit) N =120
Total N =120 Total N =120
(Cholef}:ﬁrol
mmo
mean=SD, E'%f 08 gg? £1.22 tested differences males control | group/males with metabol-
median ' ' ic syndrom t=4,89 ﬁc) 0, |OOO . emal "
; : : emales con ro roup/females wit
';%Eﬁgr#l?‘:ezr%ncgszolmEontrol group/group with metabolic metabolic syndrom t=2,03 p=0, ,9

*p < 0,05

Table 5.Present statistical analyzes of correlation between
serum concentrations of HDL-cholesterol, LDL-cholesterol,
triglycerides, ApoA, ApoB in two groups - control group
and group with metabolic syndrom

Control(%;roup Group with metabolic syn-
Variable N=12 drom N = 120

(unit) leg% Kle:méacl)es Males N=60 [Females N=60
oo 14+ |158

mmo A4+ 58 £

mean+SD, (0.3 [0/ 113+029 11,32 +0.28
median 1,39 1,6 ' '

tested differences males control group / males with met-
abolic syndrom t=3,8 p=0,0002%*

females control group /females with metabolic
syndrom t = 3,87 p=0,00018

G DL'd|1/(|))|' 3,025 + (2,88
mmo + +

: : 295+ 1,5 (2,87 +1,09
meanxSD, (0,55 0,7 ’ ' ' '
median (307 (286  |%98 2,94

tested differences males control group / males with met-
abolic syndrom 7=0,5 p=0,58 ns

females control group / females with metabolic
syndrom Z=0,07 p=0,09 ns

Trlglyc-

eri

(mmolél% Jad® (1185 = 2.99+1.26 (1,97+ 0,84
mean+SD, |3’ ' , ,

meansSD, 1924 |1,05

tested differences males control group / males with meta-
bolic syndrom 7=5,98 p<0,001*

females control group / females with metabol-
ic syndrom  7=5,68 p<0,001*

*p < 0,05 **p < 0,01

Analyses of enzyme status control group / the group with
metabolic syndrome

The analyses of the enzyme status between men from the
control group and the group with metabolic syndrome
showed that both groups men have insignificantly different
values of ALT and AST (Z=0,97 p=0,33 wu Z=0,42 p=0,67
cconsequently). Significant difference in the values of GGT
(Z=4, 49 p=0, 000007) between healthy and sick men is reg-
istered. Medium of GGT in the control group of men is 25, 15
and it is significantly lower than the medium from the exam-
ined group which has value 40.

Women from the control group and from the group with met-
abolic syndrome differ significantly regarding the values of
ALT, AST u GGT.

In the control group of women significantly lower values are
registered of ALT regarding the examined group of women.
(medium 19,8 vs 23,7 Z=2,4 p=0,016).

Values of AST are significantly lower in the group of healthy
women compared to the group of sick women. (medium 23,1
vs 25,5 7=2,14 p=0,03).

GGT enzyme has significantly lower values in the group of
women without metabolic syndrome compared to the group
of owmen with metabolic syndrome (medium 13,95 vs. 22,6
Z=4,14  p=0,000006).

Table 6.Present statistical analyzes of correlation between
serum concentrations of ALT, AST, gGT in two groups -
control group and group with metabolic syndrome

Group with metabolic

Control group

Variable N=12 R rldﬁozrg

(unit) Males N= |Females Males Females
60 N= 60 N=60 N=60

ALT(U/L) 13967+ |2428+ [4359+ [28,27 +

meansD, 119'8” = (1337|2097 (1509
35,025 19,8 39,23 23,7

tested differences_ males control group /males with
metabolic syndrom 7Z=0,97 p=0,33 ns

females control6qroup/females with meta-
bolic syndrom Z=2,4 p=0
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31,26 = 2542 = 33,55+ 28,33 =
8,8 7,9 15,56 10,84
27,8 23,1 28,3 25,55

tested differences
abolic syndrom 7=0,42 P

‘females control group/females with meta-
bolic syndrom 7=2,14  p=0,03*

males control group/males with met-
,67 ns

9GT (UL)  |3963 4

63+ [1809+ (4586 (2741
meanssD, 120,05~ |14.0 2266 17,68
2515 1395|400 226

tested differences males control 9roup/ma|es with meta-
bolic syndrom Z=4,49 p=0,00

females controlo%oug/females with metabolic
syndrom Z=4,14

*p < 0,05 **p < 0,01

Analyses of iron, its transporters feritin, and hormone
regulator of iron hepcidin in control group / the group
with metabolic syndrome

There is significant difference between men from the control
and examined group in the values of serum iron, feritin and
hepcidin.

The average values of the serum iron in the group of healthy
men is 15,03+5,77 and it is significantly (t=2,18 p=0,03) low-
er than the average value in the group of men with metabolic
syndrome which is 17,23£5,22.

Feritin has significantly lower values in the control group of
men compared to the group of sick men ( medium116 vs.
149,5 7=3,2 p=0,01).

For p<0,01 significant difference is confirmed in the average
values of hepcidin between men from the group of healthy
repsodnents and the group with metabolic syndrome (t=5,18
p=0,000001). The average values of hepcidin in the control
and group of sick men are 12, 34+7, 37 u 25, 54+18, 33 con-
sequently that is the same are significantly lower than in the
group of healthy men.

Between women from control and examined group there is
significant difference of values of feritin and hepcidin, and in-
significant difference regarding the values of serum iron.

Women in the control group have insignificantly lower aver-
age serum values of iron than women in the group with met-
abolic syndrome (12, 916, 1 vs. 14, 36+4, 99 p>0, 05).

In the group of healthy women significantly lower values are
registered of feritin compared to the women from the group
with metabolic syndrome ( medium 56 vs. 111,5 Z=4,8
p=0,000002).

Values of hepcidin in the control group and the group with
metabolic syndrome of women are average 6,16+3,2 u
11,23+£5,3 consequently. Difference in the average values
between two groups of the respondents from 5,07 was sta-
tistically confirmed as significant that is important (t=6, 3
p<0,001), that is healthy women have significantly lower
values of hepcidin compared to women with metabolic syn-
drome.

Table 7.Present statistical analyzes of correlation between
serum concentrations of iron, ferritin and hepcidin in two
groups - control group and group with metabolic syndrom

Control group Group with metabolic
Variable N =120 syndrom N = 120
(unit) _ Females N=|Males females
Males N= 60 |55 N=60  |N=60
{ron 1/1) 12,91 17,23 14,36
mo 91 + 23+ 36 +
Mhean+SD, 1393+ 57716 1 532 4,99
median ' 12,2 16,3 13,5

tested differences males control group/males
abolic syndrom t=2,18 p=0,03* A
females control group/femaie @

metabolic syndrom t=1,4 p=0,16 ns

Ferritin

(ng/ml) 120,2 = 69,01 + 197,9+ |118,98 +
mean+SD, |70,67 49,36 142,57 70,31
median 116,0 56,0 149,5 111,5

tested differences
abolic syndrom 7=3,2

females control group/females with metabolic
syndrom 7=4,8 p=0,000002

malgsoﬁontrol group/males with met-

E—leF;CIcli-l)n 25,54 11,23
ng/m , + +
MnESD, ](2)'3‘7‘ 7371816 +3.2 198337 153
median ' 20,75 10 81

tested differences males control group/males with metabol-
ic syndrom t=5,18 p=0,000001

females control group/females with meta-
bolic syndrom t=6,3 p<0,001*

*p<0,05 **p <0,01

Discussion

Metabolic syndrome was described for the first time in the
first half of the 20" century (6), and the world epidemy
of oversize and obesity are the basic reasons for its identifi-
cation. The central adiposity is the basic characteristic of the
syndrome which reflects the fact for the strong bond between
the waist and the increased adioposity which influence the
distribution of metabolic syndrome (9).

The distribution of metabolic syndrome through the world is
different and partially is a reflexion of the age and the ethnici-
ty of people and used diagnostic criteria.

As a whole the distribution of the metabolic syndrome is in-
creased with the age of the population. According to the data
of the examination of the national health and nutrition of the
USA, the distribution of the metabolic syndrome grows from
7% at respondents at the age of 20-29., 44% at the age of
60-69 and 42% at the age over 70 (10). In France the dis-
tribution of patients from 30-39 was <5, 6% at each sex and
at the age of 60-64 it was 17,5% (11). The growing industri-
alization in the world is connected to the larger percentage
of obesity of population. In 2000 a metabolic syndrome was
diagnosed at 47 million people in the USA which means that
it is present at 40% from the adult population (12).

During the last years the interest from the consequences by
grown deposing of iron towards people health grows more
and more (13). Although, the mechanisms for the potential
effect of the iron towards the risk by metabolic syndrome are
unclear there are two basic hypotheses.

According to the first hypothesis the increased iron, which is
due to overdosed deposing (born or gained) can lead to dam-
age of the liver, heart and other organs. Pancreas beta cells
are also important target of toxical iron which causes resist-
ance of glycosis and diabetis. When iron concentration grows
in the organism the liver and peripherial resistance towards in-
sluine increases and pancreas secretion of inslulin is decreased
(14). Subplus of iron is dangerous as it initiates atherosclerosis
carciongenesis diabetis and other diseases connected to the
way of life (15).

The second hypothesis for the influence of the iron to the ap-
pearance of metabolic syndrome is connected to the capability
of the iron to form reactive oxygen radicals and it is consid-
ered that the increased oxidative stress is key mechanism on
the basis of iron induced resistance although there are still no
clear evidences for this hypotehsis (16). Oxidative stress in-
fluences to the metabolism of glucoses and iron and causes
resistance to insulin with decreased entrance of insulin in the
cells and increased synthesis of feritin (17).
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‘ity of iron to transform into two stabile oxidative
Stential for creation of reactive oxygen and amino
P aydroxical radicals with Fenton u Haber-Weiss reac-
"~ he oxidative stress can cause death of beta cells of pan-
creas and leads to diabetes and chronically oxidative stress of
the liver muscles and mass tissues causing inflammatory reac-
tion and resistance to insulin in these organs (18).

Stores of irons expressed through concentration of feritin in
serum are suggested to be inseparable part of the metabolic
syndrome. Feritin is clinic indicator for the level of iron in the
organism. The potential reason for increase of feirtin in p- cells
of pancreas is especially sensitive to the effects of the oxygen
radicals (19). The level of feritin correlates with several compo-
nents of metabolic syndrome: increased triglycerides reduced
HDL-cholesterol obesity. These discoveries refer to the fact
that the concentration of feritin can be used as biomarker for
metabolic syndrome (13,20,21).

In our research it was confirmed that at patients with meta-
bolic syndrome there are increased values of feritin compared
to the control group. Numerous examinations prove increased
values of feritin at patients with metabolic syndrome (22-27).
High concentration of serum feritin can be potentially used
as screening biomarker for revealing of people who were ex-
posed to risk from development of metabolic syndrome and
they can be treated even in early stadiums of the diseases
through preventative measures (28).

For the first time in 2012 Martinelli N et al. (29) published that
the level of hepcidin grows progressively as a result of the in-
creased level of feritin in the serum of patients with metabolic
syndrome and it was noticed that people with metabolic syn-
drome have significantly higher values of feritin and hepcidin
compared to people without metabolic syndrome which was
confirmed in our research.

We discover that at men from control and examined group
there is difference in the value of serum iron and hepcidin. In
our research it was confirmed that at the patients with meta-
bolic syndrome from male sex has increased values of serum
iron and hepcidin compared to healthy men.

At women from control and examined group we discovered
significant differences in the values of hepcidin. In the group
of healthy women significantly lower values of hepcidin are
registered compared to the women from the group with met-
abolic syndrome.

We discovered that the sex has significant influence towards
the values of serum iron, feritin and hepcidin as a result of the
significantly higher values at man compared to women which
is due to the lost of iron with period at the women. Men with
metabolic syndrome have significantly higher values of hepci-
din compared to women in menopause and women in period
after menopause. Menopause status influences the concentra-
tion of hepcidin with significantly lower values of hepcidin in
the group of women with metabolic syndrome in the period
of pre meno pause.

Dislipidemy is in the basis of the etiological factors for appear-
ance of metabolic syndrome. The violation of lipoproteins at
the metabolic syndrome leads to reaction of the concentration
of HDL- cholesterol which as a consequence of the changes in
the structure and metabolism of HDL- cholesterol.

In our research difference in the values of cholesterol statically
was confirmed as significant which is due to the significantly
higher values of cholesterol in the group with metabolic syn-
drome compared to the group of healthy people. These results
are confirmation of the results from other research Nea KR et
al (30).

Results from our research show that triglycerides ApoA and
ApoB significantly differ between men and women from con-
trol group and the group with metabolic syndrome except at

LDL-cholesterol difference is insignificant at men &
We discovered that men and women from the co:.
have higher values of ApoA compared to the examii &
while from the other side ApoB is significantly higher a™
with metabolic syndrome compared to men from control
group. We discovered higher values ApoB at women with
metabolic syndrome and these results are similar to the exami-
nation of LimY etal (31).

Hypertriglyceridemy is an excellent marker for the state of
resistance to insulin and important diagnostic marker for
metabolic sydnrome (6). In the research we confirmed these
observations and we proved that triglycerides are significant-
ly higher at women and men with metabolic syndrome com-
pared to the control group. These results are similar with the
examination of Hea KP et al (30).

HDL-cholesterol is lower at patients with metabolic syndrome
compared to control group and that is confirmed in the re-
search of Kasapoglu B et al (32).

The sex significantly influence to the values of LDL-cholesterol
triglycerides and ApoB at patients with metabolic syndrome.
We confirmed that values LDL-cholesterol triglycerides and
ApoB in the group of men are significantly higher compared
to women. Kawamoto R et al. (33) in their research of pa-
tients with metabolic syndrome discovered higher values of tri-
glycerides at men compared to women which was confirmed
in our research.

Values of ApoA are higher in the group of women. Our re-
sults are not in correlation with Kawamoto R et al (33) who
discover higher concentrations of cholesterol, HDL-cholesterol
LDL-cholesterol at women compared to men.

Several examinations discover that the liver enzymes can be
connected to the metabolic syndrome through many metabol-
ic disturbances as obesity, dislipedemy, diabetes and hyperten-
sion while the insulin resistance is considered as basic reason.
Marker for liver steatosis was proved as independent risk fac-
tor of metabolic syndrome, diabetes, heart diseases. Increased
values of ALT have positive correlation to diseases connected
to metabolic syndrome for example diabetes type 2 and heart
diseases. Average values of ALT, AST u GGT are statistically
significantly higher at patients with metabolic syndrome. GGT
is basic in glutnative homeostasis and it is important protector
of the cell. GGT plays important role in the protective anti-
oxygen system. Increased levels of GGT can be a marker for
oxigent stress and subclinical inflammation. Although the rela-
tion between GGT and metabolic syndrome is not clearly un-
derstood, some mechanisms including the presence of oxigent
stress can explain the connection and GGT can play a role in
early diagnosis of metabolic syndrome with high prognostic
value for metabolic syndrome and heart diseases (32).

We discover that the tests for liver function are higher at
women with metabolic syndrome compared to the control
group of women. These results are confirmed in literature
data of Hea KP et al (30), who found higher concentrations
of AST and ALT at women with metabolic syndrome com-
pared to control group. Analyses of the enzyme status at men
from control group and from group with metabolic syndrome
proved that both groups of men have insignificant different
values of ALT and AST. At healthy and sick men significant
difference in values of GGT has been registered with lower
values at control group of men compared to examined group.
These results are confirmation of the literature data of Kasap-
oglu B et al (32). The sex is with significant influence to the
enzymes ALT, AST and GGT and it confirmed that men have
higher serum concentrations compared to women.

CONCLUSION

Ten years in a row metabolic syndrome was connected gen-
erally to insulin reisistance.The fact that the increased stores
of iron increases the risk of metabolic syndrome led to discov-
ery of new views to this disease. The fact that worries is that
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rcidence of sick with metabolic syndrome is regis-
! this tendency is defined as pandemics. Data have
ected for a numerous diseases as heart disease, dia-

2
2

=~ and many others, whose progression could be connect-
ed to increased stores of iron measured through concentration
of feritin in serum.
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Abstract

Introduction: The most effective method of screening chromosomal abnormalities is by a combination of fetal nuchal
translucency thickness and maternal serum free beta human chorionic gonadotrophin hormone and preghancy associated plasma
protein-A at the first 10-14 weeks of pregnancy gestation.

Methods: The serum of 526 pregnant women was separated and pregnancy associated plasma protein-A, and free beta human
chorionic gonadotrophin hormone were measured. The ultrasound scan included a full structural survey, and nuchal translucency.
Risks for chromosomal abnormalities were calculated using the software Prisca - mathematical model which gives individual risks
for trisomy 21, 18 and 13.

Results: Over a 2 — year period of time, screening was carried out in 526 pregnancies. Median maternal age was 29,3 years old
(range: 13, 4 to 43 years old), and 64 (12, 2%) of women who were 35 years old or older at the time of this assessment. In this
prospective study, in among of the 526 pregnant women overall, 48 (9,1 %) fetuses had an estimated risk for trisomy 21 and
trisomy 13/18. In the rest of 478 (90, 9 %) cases, chromosomal abnormality was not found.

Discussion: The first trimester screen has been available in Macedonia for several years, but only recently have been determined
effective means of early chromosomal abnormality screening. In cases with chromosomal abnormalities we found a significant
correlation between free beta human chorionic gonadotrophin hormone and nuchal translucency.

Conclusion: The screening of chromosomal abnormalities in pregnancy and the assessing risk of Down syndrome, Edward
syndrome and Patay are of utmost importance for all pregnant women and the society as well.With this screening we are going to
prevent their occurrence and we will reduce the psychological and physical suffering of parents and society, especially in today's

modern society, where the technology is most advanced in the industry, and prevention is really possible!

Keywords: chromosomal anomalies, first-trimester, screening, pregnancy associated plasma protein-A

Introduction

Chromosomal anomalies are a leading cause of perinatal
mortality and developmental abnormality. Consequently, the
principal goal of prenatal testing is to screen for chromosomal
anomalies and to provide genetic counseling for parents [,
Trisomies 21, 18 and 13 and sex chromosome aberrations are
the most frequently occurring chromosomal abnormalities.
First-trimester risk assessment of common chromosomal
aneuploidy is based on a combination of maternal age,
maternal serum free beta human chorionic gonadotrophin
hormone, pregnancy associated plasma protein-A, and fetal
nuchal translucency thickness [,

The association between advancing maternal age and
increased risk of trisomy 21 is well known, and pregnant
women older than 35 years at delivery are routinely offered
invasive prenatal diagnostic testing. The most commonly used
test for genetic diagnosis is amniocentesis, but the rate of
spontaneous fetal loss related to amniocentesis averages about

one in every 200 procedures. Because of this risk, serum
analytic testing has become an important, noninvasive first
step in detecting patients at risk for congenital abnormalities
3

First trimester screening is performed between first 10 and 14
weeks of the gestation. The markers used for the risk
calculation are 2 serum markers: pregnancy associated plasma
protein-Aand free beta human chorionic gonadotrophin
hormone.

In 1974, pregnancy associated plasma protein-A was the one
out of four proteins identified in the plasma of pregnant
women 4, Pregnancy associated plasma protein-A is produced
in great amounts during pregnancy by the syncytiotrophoblast
Bl and can be detected in placental tissue, decidua, maternal
serum, amniotic and caulomic fluids [ 71,

Maternal serum levels of pregnancy associated plasma
protein-A, in the first trimester of pregnancy, are decreased in
pregnancies with fetal trisomies 21, 18 or 13, dysgenictriploid,
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Y somy X and those with impaired placentation resulting
w. pre-eclampsia and delivery of small for gestational age
neonate.

In normal pregnancy, serum pregnancy associated plasma
protein-A concentration is affected by gestational age and
maternal characteristics, including: weight, racial origin,
cigarette smoking, diabetes mellitus and method of conception
i8]

Increased levels of free beta human chorionic gonadotrophin
hormone are associated with an increased risk of Down
syndrome.

The third marker is the fetal nuchal translucency which is
performed by ultrasound. The nuchal translucency
measurement needs to be performed by experienced
sonographers and should be obtained between the first 10 and
13 weeks and 6 days of the gestation. The majority of fetuses
with Down syndrome have an increase nuchal translucency
measurement when compared to normal fetuses of the same
gestational age Pl Nuchal translucency is the sonographic
appearance of a collection of fluid under the skin behind the
fetal neck during the first trimester of pregnhancy. An
increased nuchal translucency is not only a marker for
chromosomal anomalies, but also a nonspecific indicator of
abnormal development, common to several pathologic
pathways, including an increased risk of miscarriage or fetal
death, from 1.6% in those with nuchal translucency between
the 95th and 99th percentiles to approximately 20% for values
above the 99th percentile, and a 15-fold increased likelihood
of lethal or serious malformation [,

The crown — rump length was obtained by measuring the fetal
length from the tip of the cephalic pole to the tip of the caudal
pole in the midsagittal plane [,

Edward syndrome (trisomy [*8 is the second most common
form of chromosomal aneuploidy. The first trimester
screening of trisomy 18 is based on the ultra-sonographic
finding of nuchal translucency and decreases in maternal
serum pregnancy associated plasma protein-A and free beta
human chorionic gonadotrophin hormone. This test can detect
86% to 89% of cases with a 0.5% to 1.0% false-positive rate
1]

In Macedonia there is none published data on the association
between serum biochemical and ultra-sonographic markers
and adverse pregnancy outcomes. Consequently, the purpose
of this study was to examine screening for chromosomal

abnormalities in first trimester of pregnancy using ultrac Qg
and maternal serum markers.

Methods

This prospective interventional study was performed between
April 2015 and March 2017 in the Clinical Hospital "Dr.
Trifun Panovski" in Bitola, Macedonia. A total number of 526
pregnant women were screened during the first trimester.
Maternal weight was measured using a digital weight scale
eighth a precision of 0.1 kg. The serum was separated and
pregnancy associated plasma protein-A and free beta human
chorionic gonadotrophin hormone were measured using solid
phase, enzyme labeled chemiluminescent immunometric assay
(Siemens Healthcare Diagnostics, Inc., Llanberis, UK).
Transabdominal and transvaginal ultrasound examination was
performed by certified maternal fetal medicine specialists. The
ultrasound scan included a full structural survey, and nuchal
translucency was measured according to established
guidelines. Ultrasound examinations were performed with
high resolution equipment (Voluson E Expert 2008, General
Electric, Austria or Siemens G50 Ultrasound, Siemens
Medical Solutions USA, Inc.)

Risks for chromosomal abnormalities were calculated using
the software Prisca - mathematical model which gives
individual risks for trisomy 21, 18 and 13. This mathematical
model takes into consideration the maternal age, the serum
levels of various biochemical markers and the fetus ultrasound
measurements. In addition, a number of factors play an
important role in the calculation of the risk as they will affect
the values of the maternal serum biochemical analyzes. This
includes: gestational age, weight, race, smoking, diabetic
status of the individual, the number of fetuses present, and
whether in vitro fertilization treatment was used for
conceiving.

A calculated risk >1:250 were defined as high-risk for Down
syndrome and >1:300 was defined as high-risk for Edward
syndrome.

Results

Over a 2 - year period of time, screening was carried out in
526 pregnancies. Median maternal age was 29, 3 years old
(range: 13, 4 to 43 years old), and 64 (12, 2%) of women who
were 35 years old or older at the time of the assessment.

Table 1: Demographic characteristics of studied population (526 women, 535 fetuses)

Variable Median (range) (%) | Total subjects

Maternal age (years) 29.3 (13.4-43) 462
> 35 years 64
Maternal weight (kg) 66,9(40 -208) 422
Not reported 19.7% 104
Mode of conception 526
spontaneous 96.7% 509

In vitro fertilization 1.5% 8

Not reported 1.7% 9
Smoking status 526
Smoker 9.5% 50
Non — smoker 88.8% 467

Not reported 1.7% 9
Racial origin 526
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Caucasian 100% 526
Diabetes mellitus 526

Mother with diabetes mellitus 0.7% 4
Mother without diabetes mellitus 97.3% 512

Not reported 1.9% 10
Number of fetuses 526
singleton 98.3% 517

twins 1.7% 9
Gestational age at screening (days) 86.6 (70-97) 526
Crown — rump length (mm) 60.7(6.6 — 83.3) 526
Pregnancy associated plasma protein-A (mIU/ml) 3.9 (0.26- 19.4) 526
Free beta human chorionic gonadotrophin hormone (ng/ml) 44.6 (6.2- 170) 526
Nuchal translucency (mm) 0.89(0.14-4.73) 526

The median gestational age at screening was 86, 6 days or
12+2 gestational weeks (range: 70 to 97 days or 10 to 13+6
gestational weeks). The median crown — rump length was 60,
77 mm (range: 6, 6 to 83,3mm). The median maternal weight
was 66, 94 kg (range: 40 to 108 kg).

Our study shows that smoker mother are 50, non-smokers are
467 and 9 were not reported. About the mode of conception,

502 was spontaneous, assisted with in vitro fertilization were
eight, and nine were not reported.

Among the 526 pregnhant women, four mothers were with
diabetes mellitus, non-diabetes were 51, 2, and ten were not
reported.

About the number of fetuses present, singleton pregnancies
were 517 and nine were twins.

Table 2: Demographic characteristics of 48 cases with chromosomal abnormalities and 478 cases with a low risk of trisomy 21, 13, 18.

Variable Median (range)(%o) _in Median (range)(%o) in case.s.with
unaffected pregnancies chromosomal abnormalities
Maternal age (years) 29.08 (13.4-43) 32,2 (15,1 - 42,9)
Maternal weight (kg) 67.07 (41 - 108 65,6 (40 -90)
Not reported
Mode of conception
spontaneous 96.3% 97,9%
In vitro fertilization 1.7% 0
Not reported 1.7% 2,1%
Smoking status
Smoker 9% 14,6%
Non — smoker 89.3% 83,3%
Not reported 1.7% 2,1%
Racial origin
Caucasian 100% 100%
Diabetes mellitus
Mother with diabetes mellitus 0.9% 0
Mother without diabetes mellitus 99.1% 97,9%
Not reported 0.9% 2,1%
Number of fetuses
singleton 98.3% 97,9%
twins 1.7% 2,1%
Gestational age at screening (days) 86.6 (69-97) 86,4 (76 -95)
Crown — rump length (mm) 60.8 (6.6 —83.3) 59,7 (39,9 - 77,9)
Pregnancy associated plasma protein-A (mIU/ml) 4(0.37-194) 2,41 (0,26 — 9,37)
Free beta human chorionic gonadotrophin hormone (ng/ml) 40.6 (6.2- 157) 95 (11,2 — 558)
Nuchal translucency (mm) 0.86 (0.14-2.02) 1,2 (0,26 — 4,73)

Among the 526 pregnant women overall, 48 (9, 1 %) fetuses
had an estimated risk for trisomy 21 and trisomy 13/18. Out of
the 526 women, 478 (90, 9 %) were cases with a low risk of
trisomy 21, 13, 18, where chromosomal abnormality was not
found.

In this interventional study we identified 48 cases of
chromosomal abnormality: thirty eight of trisomy 21, nine of
trisomy13/18. We identified 37 fetuses with biochemical T21
risk: six are with risk > 1:50; eight with risk 1: 50 —1:100;
eight with risk 1: 100 —1:150; nine with risk 1: 150 —1:200 and

6 with risk 1:200 —1:250. Also, we identified 16 fetuses with
combined trisomy 21 risk: eleven of them are with risk > 1:50;
one with risk 1: 50 —1:100; three with risk 1: 100 —1:150 and
one with risk 1: 150 —1:200.

Among the 526 pregnant women, nine (1, 7%) women had
high risk for trisomy 13 or trisomy 18 using a cutoff value of
1:300. Three of them are with risk > 1:50; one with risk 1: 50
—1:100; two with risk 1: 100 —1:150; one with risk 1: 150 —
1:200 and two with risk 1:200 —1:250.

Seven fetuses had biochemical trisomy 21 risk and combined
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= lisk. Nine fetuses had just combined trisomy 21 risk. Six
are with combined trisomy 21 risk and trisomy 13/18 risk.

21 risk and trisomy 13/18 risk. Two are just with trisonZy
13/18 risk.

Table 3: Chromosomal abnormality frequencies

Chromosomal abnormality n

Normal

478

Trisomy 21 and trisomy 13/18

N
[ee]

Biochemical trisomy 21 rick

Biochemical trisomy 21 rick > 1:50

Biochemical trisomy 21 rick 1: 50 —-1:100

Biochemical trisomy 21 rick 1: 100 —1:150;

Biochemical trisomy 21 rick 1: 150 —1:200

Biochemical trisomy 21 risk 1:200 —1:250

Combined trisomy 21 risk

Combined trisomy 21 risk > 1:50

Combined trisomy 21 risk1:50 —1:100

Combined trisomy 21 risk1:100 —1:150

Combined trisomy 21 risk1:150 —1:200

Trisomy 13 or trisomy 18

Trisomy 13 or trisomy 18 risk > 1:50

Trisomy 13 or trisomy 18 risk 1: 50 —1:100

Trisomy 13 or trisomy 18 risk 1: 100 —1:150

Trisomy 13 or trisomy 18 risk 1: 150 —1:200

Trisomy 13 or trisomy 18 risk 1:200 —1:250

Biochemical trisomy 21 risk and combined trisomy 21 risk

Just biochemical trisomy 21 risk

Just combined trisomy 21 risk

Combined trisomy 21 risk and trisomy 13/18 risk

Biochemical trisomy 21 risk, combined trisomy 21 risk and trisomy 13/18 risk

Just with trisomy 13/18 risk.

w | ol Ly w
NP OOSINNENEFPWORWIR 5| O©O|0|0| 0|5

In group of fetuses with chromosomal abnormalities we found
this correlations: a significant correlation between mother age
and mother weight (p= 0,023; p<0, 05) and between mother
age and free beta human chorionic gonadotrophin hormone
(p= 0, 22); a significant correlation was established between
gestational age and pregnancy associated plasma protein-A
(p= 0,000; p<0, 01) and between gestational age and crown —
rump length (p= 0,000). Also we found a significant
correlation between mother weight and crown — rump length
(p= 0,047; p<0, 05); we found a significant correlation
between pregnancy associated plasma protein-A, and crown —
rump length (p=0,000; p<0, 01) and we found a significant
correlation between free beta human chorionic gonadotrophin
hormone and nuchal translucency (p= 0,036; p<0, 05).

Discussion

The first trimester screen has been available in Macedonia for
several years, but only recently have been determined
effective means of early chromosomal abnormality screening.
This screening is the most accurate, non-invasive screening
method available. In this prospective study of first-trimester
screening for chromosomal abnormalities by a combination of
maternal serum biochemical markers and ultrasound markers
in among the 526 pregnant women overall, 48 (9, 1 %) fetuses
had an estimated risk for trisomy 21 and trisomy 13/18. Out of
the 526 women, 478 (90, 9 %) were cases where chromosomal
abnormality was not found.

In cases with chromosomal abnormalities we found a
significant correlation between mother's age and mother's

weight and between mothers' age and free beta human
chorionic gonadotrophin hormone. A significant correlation
was found between gestational age and pregnancy associated
plasma protein-A, and between gestational age and crown —
rump length. Also we found a significant correlation between
mother weight and crown — rump length; we found a
significant correlation between pregnancy associated plasma
protein-A, and crown — rump length, and between free beta
human chorionic gonadotrophin hormone and nuchal
translucency.

The results of this study demonstrate that an enlarged nuchal
translucency (above the 95th percentile) and advanced
maternal age are associated with adverse perinatal outcomes
in a mixed population (low- and high-risk), which is
consistent with the findings reported in other studies 1% 1,
Measurement of serum pregnancy associated plasma protein-
A may be useful in screening for aneuploidies, neural tube
defects and adverse preghancy outcome. Effective use of
serum pregnancy associated plasma protein-A in risk
assessment and screening necessitates that variables from
maternal characteristics and medical history which affect this
measurement in normal pregnancy are taken into account. We
found lower values of pregnancy associated plasma protein-A
in cases with chromosomal abnormalities. About the values of
free beta human chorionic gonadotrophin hormone we detect
almost double higher values of free beta human chorionic
gonadotrophin hormone in cases with high risk for
chromosomal abnormalities compared between those with
normal outcome. A positive correlation between high free beta
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w.r chromosomal abnormalities is reported in other studies as
well 112131,

In this study, we have outlined our first 2 - year experience in
screening pregnancies. The limitation of this study is a small
sample size in comparison with larger studies. Additionally,
because this study was conducted in only one center, the result

cannot fully represent the
Macedonian population.

In summary, the purpose of this study was to provide
information on screening performance of the first trimester
combined test, in a medical center of Bitola. To our
knowledge, this study is the first population study analyzing
the result of the first trimester combined test performed in
Macedonia.

screening performance in

Conclusion

The screening of chromosomal abnormalities in pregnancy
and the assessing risk of Down syndrome, Edward syndrome
and Patay are of utmost importance for all pregnant women
and the society as well.With this screening we are going to
prevent their occurrence and we will reduce the psychological
and physical suffering of parents and society, especially in
today's modern society, where the technology is most
advanced in the industry, and prevention is really possible!
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