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YBOJHNK

Heoprancka xemnja Huje camo xeMija “He)XUBe pYpo-
nee”, Beh mpeficTaB/ba BaxkaH o xunBoTa. O 118 enemeHaTa
ITepropHOT CHCTEMA, 24 €TEMEHTA, LIITO MEeTaIa, LITO HeMe-
TaJIa Cy eCeHIMj/THM 3a CUcape, TOK Ce HeKI MOTY CMaTpaTu
HOTEHLMjaTTHO eCeHIVjaTHUM efeMeHTHMA. [llecT HeMeTata,
BOJIOHVK, YI/bEHMK, KICEOHVIK, a30T, cyMIiop 1 ¢ocdop, yna-
3€ y CacTaB OPTaHCKIX jefberba: YITbeHIX XUAPATa, MacTI,
HyKHeI/IHCKI/IX KJICeNMNHa, IIpOTEMHA U BUTaMIHA 11 YMHE OC-
HOBY >KMBOTa Ha 3eM/by. MHOIM IIponecn Yy JKUBUM CUCTE-
MMMa, Kao IITO Cy MeTabo/n3aM, fucame, poTocuHTesa,
pacT u pasMHOXaBambe, KOHTpakuyje Mummha, mpeHoc
HEpBHIX MMITy/ICa 1 (pVKCalyja a30Ta, He MOTY Ce OfBUjaT!
6e3 joHa MeTaa.

Ycnen nopemehaja y MeTabonamy iy IpeKoMepHOT
YHOIIIEHa jOHa MeTaJla y OpraHu3aM, Moyke ol 10 IIXOBOT
noBehaHoOT JleTIOHOBaba Y TIOjeAMHIM OPTaHNMa, Kao IITO CY
MO3aK, jeTpa 1 6yopesi. Y Tpermany nopemehaja y metabo-
JM3MY eCeHIMjalTHIX jOHa MeTaJIa, Kao U Ipob/ieMa 13a3Ba-
HMX YHOCOM jOHA HeeCeHIMjaTHUX (TOKCUYHNX) MeTana, ¥
MEIMIIMHY Ce IpUMebYje XemaTHa Tepanuja. OBK Xe/laTHN
areHCu KOMIUIEKCUPAjy HaTa/lo)KeHe jOHe eCeHIMja/THIX Me-
Tajla y TKMBYIMA VI YHETE jOHE HeeCEHIIMja/THIX MeTaa, CT-
Bapajyhnu Ha Taj HAYMH pacTBOPHE KOMILIEKCE, KOjH Ce, 3a-
THM, U3 OpTaHM3Ma U3/Tydyjy IIyTeM YPUHAPHOT TPaKTa UIN
¢eueca. Y npernenHoM pany "Xenaitina iiepatiuja — iipume-
HA MeTtan-KoMunexcupajyhux xenaimlinux aienaca y mequuu-
Hu", koju cy Hanucase Jenena IMTAPWh u Biwbana 'B.
ITINIIR (MuCTHTYT 32 XeM1sjy, [IprpogHO-MaTeMaTaKu
(akynreT, YHuBep3utet y Kparyjesly), aar je mpukas xermat-
HIX areHaca, Koju ce KOpHCTe 3a KOMIIEKCHPAtbe 1 BbIXOBO
U3JTyYUBalbe U3 OPTaHM3Ma, KaKO Y TKMBJMA JIEMOHOBAHIX
joHa eceHIIMjaTHNX MeTasIa, TBoykba, 6aKkpa I IIMHKa, TaKO I
HeeCeHIMja/IHNX MeTaJla, JKIBE U O7I0Ba.

* % %

Teopujcku refaHo, 6poj IPOTENHA Y OPTaHN3MY Tpe-
6as0 6u fja 6yze jenHak 6pojy GyHKIMja KOjy TH HPOTEUHN
OCTBapyjy y ToM oprauusmy. Kako cy ¢yuxuuje 6pojue, T0
6u 3HaYU/IO U []a Y OPTaHM3MY MOpPa IOCTOjaT! HEKOMMKO
CTOTVHA XI/bAJa Pa3INIUTHX [IPOTENHA. 3a CHHTE3Y TaKO
BE/NKOT Opoja mpoTenHa 6uIa 611 HEOIIXOAHA U Be/MKa KO-
JIMYMHA eHepruje, wto 61 3a hemujy 6uno kpajie eHepret-
CKU HeToBOJBHO. ITo1uTo je 3a hemujy HermoBo/BHO [ja CUHTe-
THIIIe TaKO BEeMUKY OpOj IIPOTeNHa, PasBU/IN CY ce OpOjHI
MeXaHM3MU KOjiMa Ce VICTY IIPOTENHU MOTY YHEKOJINKO
IpoMeHNUTH-MOAV(uKoBaT. TaKO U3MEmeHN IIPOTENHN
MOTY MMATH U3MeHeHa CBOjCTBA, 11, TAKO M3MEHeHH, UTPATI
YIIOTY Y joll HeKuM mpouecumMa. Mopnuduxkanyje mporenHa
cy 6pojHe, a y 0BOM pajiy Cy OIIICaHe JiBe Haj3acTyIUbeHuje -
IIKO3mIoBame 1 pocopunosame. 3axBabyjyhu Tome, of
OKO 20-25 XI/baJia TeHa Y /bY[CKOM I€HOMY MOXe Ce CHHTe-
TVICATY HEKOJIVIKO CTOTVHA XV/BaJIa, WV YaK MIIVIOH IIPOTe-
uHa. Y papy 1o HacrioBoM "Ilopexro fipoilieurcke pasHospc-
HOCITY - 3HAYA] UPOTHEUHCKUX MOgUPUKAyUja’, KOTETHNLIA
Jparana POBAJAILL, (JIHCTUTYT 3a IpUMeHY HyK/IeapHe
enepruje (VIHEII), 3emyHn-Beorpan) je nama Bpyo pobap mpe-
IJIef] OBMX Ipolleca M KaKo ce OfiBMjajy MofyguKanuje mpo-
TeuHa.

% % %

IIpe HEKONMMKO TOMHA, Y 91. TOLVHY, IPEMUHYO je Y
Tawson-y, Maryland, CAJl, Munas P. Yckokosuh, jena of
BeOMa yCIelIHMX aMepMYKMX HayYHMKA CPIICKOT TTOPEKJIa,
KOju1 ce 6aBIO CHHTe3aMa CTePOVANHIIX jefUEbeba, IPYTUX
HPMPOJHIX IPOU3BOAA U (hapPMAKOJIOLIKY aKTUBHUX CYIIC-
TaHLy. Heke off HeroB1X CMHTe3a IPUMEY]y ce U Y MHITyC-
TPUjCKMM pa3Mepama. Y CBeTY je 610 Hajbo/b1 [I03HaBaIALl
xeMuje U GMOIOIIKMX aKTUBHOCTY BuTamuHa D. Haxkanocr,
Hallla Hay4YHa jaBHOCT, YaK HJ MHOTY HallIy XeMIdapy HUTH
XEMMjCKI TEXHOTIO3M KOji ce 6aBe HayKOM, CKOPO a HUCY
Jy/IM HUTY 61710 IITa 3Hajy 0 mpodecopy Mumrany Y ckoko-
Buhy. 3ato je xonera JKusopan Yexosuh (CAHY) xereo,
KOJIIKO je OUI0 y BeTOBOM 3HalbY, Ia IPY>KY SKUBOTOIIIC
Murana Yckokosuha, a HAPOUUTO MPYKA3 HETOBOT BeOMa
6oraTor HayIHOT U CTBAapa/IayKOT JOIIPUHOCA Y 06/IacTMa
OpraHCKe CHHTe3e, (hapMaliey TCKe XeMje ¥ CHTe3e TeKOBI-
THX CYTICTaHLIIL.

* % %

Y rexcry "Cyenapuo uaca: iipenasnu meiian", Koju je Ha-
mvicana Jyma JIASAPEBU'R (cTymeHT CTYRMjCKOT ITpo-
rpama HACTABA XEMMUJE, Yausepsuret y beorpany -
Xemujcku hakynrer), a pydpuiiy Xemuja us/3a uikone mpu-
Ka3aH je CIleHapuo 4aca obpajie IpafyBa O OIIITHM CBOJCT-
BUMa TIpeNIa3HMX MeTajIa, U3BEJIEH Y APYTOj TOAMHM CPEfhe
HIKOTIE.

Kao muwbeBn oBor yaca npensubeHo je ja y4eHMIu yro-
pebyjy dusmuxa u xemnjcka cBojcTBa eneMenata d-6710ka u
efneMeHata s-0710ka 11 objalrmbasajy pasiuke usMeby wix, aa
HaBoJle K/Iace HEOPTaHCKUX jefMberba Koje Ipajie eIeMEeHTH
d-6110Ka, BUXOBE IIpefICTABHIIKE, U IJIXOBA CBOjCTBA, /ia TI0-
Be3Yjy CBOjCTBa efleMeHaTa d-6710Ka ca IIXOBOM YIIOTpeboM
Y CBaKOJHEBHOM XXMBOTY M U Jla IMEHYjy KOMIUIEKCHA je-
IuEerba, HaBofle Off Yera ce cacToje U iepMHMIIY ITOjMOBe:
YHyTpallliba cepa, CoJballlba chepa, LeHTPaTHY MeTaTHI
jOH, JTMTaHA ¥ KOOPAMHALIMOHU ODOj.

* %k %

AnpwICKH JaHM O HACTaBI X€MMUje OfIp>KaHU CY 24. U
25. aTIpIUIa 2019. TORMHE Ha XeMIjCKOM (aKynTeTy YHUBep-
sutera y beorpany y oprannsanuju CpIICKOT XeMUjCKOT
apywTBa 1 XeMujckor dakynarera. V1 oBe roguHe je, Kao u
IIPETXOMHE /IBE, CIajalbeM 30. CTPYYHOT yCaBpIlaBaba Ha-
CTaBHUKa XeMljje ¢ TpehoM KOHGepeHIjoM MeTOfIKe Ha-
cTaBe XeMuje, oMoryheHa pasMeHa pesy/nraTa VICTPaKIBarba
y obmacTit 06pasoBarma I ICKyCTaBa U3 yuroHuIie usmehy
MeTOfMYapa HACTaBe XeMIje U HACTaBHMKA XeMMUje U3 OC-
HOBHUX U CpefibuX 1Kosa mupom Cpbuje. YaecHuum cy
VIMa/I IPWIVKY fia 9yjy Tpy IVIEHapHa ITpefilaBarba 13 Pasyi-
YUTHX 0071aCTY XeMIje, Ulje cafipykaje MOTY IIPH/IaTOfUTI 1
IIPUMEHNTH Y COTICTBEHO] paKcy. OcTanmx LIecT IleHap-
HUX IIpefiaBarba OfHOCHJIA CY Ce Ha aKTYeTHa IMTamba 13 00-
JIaCTU HacTaBe XeMIje, KOja Cy PasMOTPEHa M3 yI7Ia HayKe I
IIpaKce, ITO HACTABHUIMMA NIpy>Ka IIPUINKY A Y COIICTBe-
HOj IIpaKcy IOHOCE OfITyKe 3aCHOBaHe Ha pe3y/iTaTiMa Jic-
TpakuBama. IloTyHn nsBemrTaj o oBoj MaHmMdecTarnyjn,
Koju je nopHa mpod. Jparvua TPYIBIR, Hahu hete y py6-
puiu Becitiu us CX/J.
Parko M. JankoB
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XEIATHA TEPATIVJA - IPYIMEHA
META/I-KOMIIJIEKCUPAJYRUX XETATHUX ATEHACA V
MEIUITMHN

Ycnen nopemehaja y MeTabom3my mmm mpexoMep-
HOT YHOIIIeha joHa MeTala y OpraHmu3aM, Moxke fohu 1o
BIXOBOT oBehaHOT [eTIOHOBamA Y II0jeVIHIM OpraHM-
Ma, Kao ILTO Cy MO3aK, jeTpa 1 6ybpesn. Y MeAmuyH ce y
TpeTMaHy nopeMehaja y MeTabonmmsMy eceHImjamHmX jo-
Ha MeTaJIa Kao 11 Ipo6/IeMa 113a3BaHMX YHOCOM jOHa Hee-
CeHIVjanHyX (TOKCUMYHNIX) MeTana IpUMerbyje XelaTHa
tepanuja. OBa Tepanuja nofipasyMeBa IpUMeHY OpraH-
CKMX jeilMIberba KOja cafipyKe BUILIE JOHOPCKMUX aToMa
(T3B. MONMMAIEHTATHY TUTAHAY WM Xe/IaTHY areHcr). OBy
X€JTATHY aT€HCY KOMIIIEKCUPAjy HATaJIOXKEHE jOHE ECEH-
LMjaTHUX MeTaja Y TKUBJMMA V1M YHETE jOHE HEECEH-
LMjaTHUX MeTala, CTBapajyhu Ha Taj HA4MH pacTBOpHE
KOMIUIEKCe, KOjI C€, 3aTUM, I3 OpTaHu3Ma U3Iydyjy IIy-
TeM YPVMHAPHOT TPpaKTa Wi dereca. Y 0BOM IperyIefHOM
Papy, AT je IpyKa3s XeTaTHMX areHaca, KOjy ce KOPUCTE 32
KOMIUIEKCUPAIbe M IbJUXOBO U3Ty4/Batbe U3 OpPraHu3Ma,
KaKO y TKMBJMA JIeTIOHOBAaHMX jOHA eCeHIja/IHIX MeTa-
na, rBokha, 6akpa 1 IMHKA, TAKO U HeeCEeHIIMjaTHIX Me-
TaJIa, XXMBE 1 OJI0BA.

YJIOTA JOHA METAJIAY JbYACKOM
OPTAHN3MY

Heoprancka xeMuja Huje caMo XxeMyja “HEeXXUBYX CT-
Bapu’, Beh npeficTap/ba BakaH fieo xunBora. CMarpa ce 1a
Cy HeOpTaHCKa jefiMberba, Kao 1ITo Cy cyaduayu reoxba,
TpefCTaB/baja U3BOPe eHeprije 3a IpBe 00/IMKe KIMBOTa
Ha 3emspi [1]. Op 118 enemenara [lepuopHor crcrema, 24
efieMeHaTa Cy eCeHIMja/THM 3a Ccycape, IOK ce HeK! MOTy
CMaTpaTy IOTEHIMja/THO eCeHIVjaTHUM efleMeHTuMa (B
u Cr) [1]. lllect HeMeTana, BOZOHUK, YI/bEHNUK, KICEOHNK,
asor, cymmnop u gocdop, ynase y cacTaB OPraHCKIX je-
IVEberba, YITbeHMX XUAPaTa, MaCTH, HYKIeMHCKIX Kyice-
JIMHA, TIPOTEMHA U BUTAMIHA I Y/{HE OCHOBY JKMBOTA Ha
3emby. OBM HeMeTaI YiHe IPUOIVDKHO 99% Off YKYTI-
HOT Opoja IpMUCyTHHUX e/leMeHaTa I CIajajy y Ipyiy
MakpoenieMeHata. [1open \iX, X10p, HaTpujyM, KalujyM,
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MarHesVjyM U KaJILUjyM ce yOpajajy y TpyIly MakpoeieMe-
Hata. Ocramu npucytau enementn (E I, Se, Si, Sn, Fe, Zn,
Cu, Mn, Mo, Co, V u Ni), c 063upom Ha CBOjy 3aCTYIUbe-
HOCT, Ha31Bajy ce MukpoeneMeHTu. Kao mro ce moxe
npumeTnTyt, ocuM E I n Se xoju cy HemeTtanu u Si koju je
MeTaJIonf, y TpyIy MUKpOe/ieMeHara ce yopajajy MeTam,
KOjU Ce jOLI HasWBajy “MeTa/ >KUBOTa” MM OMOMeTasIu.

ITosHaro je ma ce MHOTY IPOLIECH Y KMBUM CUCTEMI-
Ma, Kao LITO Cy MeTabo/u3am, fucame, GPOTOCHHTe3a,
PacT 1 pasMHOXKaBambe, KOHTpakuyje Mummha, IpeHoc
HepBHIX VIMITy/Ica 1 (UKcalyja a30Ta, He MOTY OfiBUjaTi
6e3 jona merana [2]. Joun ankanuux mertana, Na* n K*,
MIMajy Ba)KHY Y/IOTY Y IIPOIIeCY IIpeHOCa HEPBHIIX MMITYI-
ca, ok Ca”" jou, nopey Tora 1o usrpabyje koctu u 3y6e,
yOp3aBa putam u Iojadapa jauiHy CpIaHIX KOHTPaKIyja.
Mg®" joH aKTMBHO yTi4e Ha MeTabo/MM3aM Kaujyma 1
Ka/lujyMa, JOK KOf Ompaka yuecTByje y mpouecy ¢o-
TOCUHTe3e, y1asehu y cacTaB OM/bHOT IUTMEHTa XJIOpO-
¢duna. [Boxxhe(IT) jon ynasm y cactaB MeTanonporenta
Ie30KCUXEeMOITIOOMHA, KOjJ Be3yje KUCEOHMK Y IIPOLIeCy
mucama. Ha Taj HauyH, HacTaje OKCHXeMOITOOMH, Koju
cappyku Fe3* joH u Koju Bpum TpaHCOpT KUCEOHMUKA Off
wiyha o nepugeprux tkusa. [lopen tora, Fe**/Fe3* jou
Y/a3) y CacTaB METAIOEH3MMA KOjy YUECTBY]Y Y IIPOLIECH -
Ma IIpeHoca efiekTpoHa y opranusmy. Llnuk(II) joH je Heo-
IIXOfIaH 3a PacT ¥ pa3Boj OPraHM3Ma, Kao ¥ 3a HOPMajTHO
¢dyHKUMOHNCabe UMYHOT cycTeMa. IToper Tora, 0Baj joH
MeTaa y/Ia3! y CTPYKTYpPY BeUKOT Opoja MeTaloeH31Ma,
Kao LITO Cy KapOOKCUIIENITI/A34, YI/beHa aHXUIPasa, Cy-
MepOKCUJI-IUCMYTa3a U aNKOXON-fieXusporeHasa. ba-
kap(II) jon uMa BaXKHY y/IOTy Y IPOLeCy Be3MBamba I
TPaHCIIOPTa KICEOHNKa 11 'BoXDa, y IpoliecuMa IpeHoca
€/IEKTPOHA U Y/Ia31 Y CaCTaB IPEKO 12 EH3MMA, KOjU UMajy
LIMPOK CIEKTap [iefioBamba. JefjaH Off HajBayKHMjUX MeTa-
JIOEH3MMa KOjU Y CTPYKTYpu cappyku 6akap(II) joH je cy-
HEePOKCHUJ-AUCMYTa3a, Koja MMa Y/IOTY Y JUCIIPOTIOPIO-
HJICakby TOKCUYHOT CYIIePOKCUIHOT jOHA, KOjU HacTaje




Kao IIPOM3BOJ PeOKC peakuyja y opranusmy. Manras(IT)
MMa 3Ha4ajHy YOIy Y HEKO/IMKO MeTaOOMNYKIX IIpolieca
(pact KocTHjy, perymcame ITyKo3e y KpBI, PEIIpORyK-
1yja), fok je MomubaeH(IV) sHavajan 3a mporec duxca-
Lyije a30Ta, KOjU Ce OfiBYja Y MHOTVIM MaXyHAaCTVUM O/ybKa-
Ma. bronouka aktusaocT Ko6anT(IIl) joHa ce Besyje 3a
BUTaMMH B, ,, koju je o 3Ha4aja 3a CuHTe3y XeMOIIo0MHa
U TIpUMeHy Y Jlederby aHeMuje. Jako ce cMaTpa KaHIepo-
rennM y Behum xommannama, Huki(Il) jou ynasu y cacras
ypease, eH3JMa KOji y4ecTBYje y eTMMIHAIIVjY BUIIKA
aMOHMjaKa 13 OpraHusMa [2].

O6macT HeopraHcke XxeMuje Koja ce 6aBy usyda-
BaIbeM Y/IOTe eCeHIIMjaTHIX MAaKpO- 1 MYKpPOe/IeMeHaTa je
HO3HATa IIOfl Ha3MBOM OMOHeoprancka xemuja. OBa MyJI-
TUAUCLUIVIVHAPHA 00/IACT IIOBe3yje HEOPTaHCKY XeMujy,
610710T 1}y, MUKPOOMOTIOTHjY, O10XeMIjy, HPUIUOTOTH]Y,
(apMaKoJIOrujy ¥ TOKCUKOJIOIN]Y 1 TaHAC ce BeoMa 6p30
passuja. Kao moce6Ha obmacT y okBrpy 6MOHEOpraHcke
XeMuje U3NBOjuIa C€ MEAUIMHCKA HEOPraHCKa XeMuja.
Beoma BaxkaH acIieKT U3y4aBamba Y OKBUPY MEIULIHCKeE
HEOpraHCKe XeMIje je IPMMEHa e/leMeHaTa U IIIXOBUX
KOMIUIEKCHIIX jefiViberba Y MEeIMIIVHM 32 JIederbe Pas/in-
4nTUX 060/bEHH, KA0 ITO Cy KoMmiuiekcy riatuHe(IT) 3a
7iederbe TYMOPCKIX 0007berba, Komiuiekcy 3mata(l) sa me-
Jeme PeyMaTOMIHOT apTPUTICA, KoMIuiekcu cpebpa(I)
Kao aHTUMMKPOOHN areHcy, komiviekcy 6msmyTa(Ill) 3a
TIeYErse YMPa XKeyla, KOMIUVIEKCH PEHMjyMa M TEXHELM]y-
Ma Kao paguodapManeyTuiy, KOMIUIEKCH TafOINHIAjy-
ma(IIl) kao koHTpacTHu arercu u fpyru [1]. [Topex Tora,
BaXKHa 00/IaCT M3y4yaBarba y OKBIPY MEIMIMHCKE XeMIje
je mpuMeHa OPTaHCKVX jefyIberba Y MEAVIIIHY KO JIe-
Jema pobieMa u3asBaHyx nopeMehajem y Metabomismy
jOHa MeTaa y JbyICKOM OPTaHM3MY WK ITpobieMa 13a-
3BaHMX YHOCOM y OpPTaHM3aM jOHa HEeCEeHLMjaTHUX
(TOKCMYHMX) MeTaJIa, T3B. XeIailiHa iiepaiiuja.

XEJIATHA TEPAIINJA

HMaxo cy joHu MeTajza HEOIXOIHU 32 HOPMATHO
(dyHKIMOHMCabe oprann3Ma, nopemehaju y muxoBom
MeTab0/I13My W/ IIPeKOMEPHO YHOIIIeHbe Y OPTaHn3aM,
MOJKe JIOBECTH JIO I0jaBe pasnuuntyx 6onecty [3]. Tlopen
TOTa, 0301/bHI 3[PaBCTBEHN IIPOO/IEMI MOTY HACTATH
yCIIelI yHOIIIeHa jOHa HeeCeHIMjaTHNX MeTa/Ia y OpraHMm-
3aM ITyTeM XpaHe, BOJie /M Basfyxa. AKyMynanuja
TOKCUYHMX MeTa/la y OpTaHu3My y3pokyje omrreheme he-
nuja, mopemehaje QyHKIMje eH3VIMa WM TeHETCKOT Marte-
pujana (IHK), a Mmoxxe oBectu u 1o cMpti. Tokcndano
ZejCTBO MeTasIa Ha JbYACKY OpraHu3aM ce JCIojbaBa Qop-
MypameM CTOOOIHIX PafiiKaia ¥ PeaKTUBHUX KICeo-
HaHyx Bpcta (ROS, “reactive oxygen species”), o mo-
BOJM O OKCUIATUBHOT CTpeca 1 JININHEe IePOKCU/a-
nyje henmjcke Mmem6pare [4].

Y ummpy oTKIamama npobaeMa M3a3BaHUX Hope-
MehajeM y MeTab0/113My jOHa eCeHIMja/THIX MeTala WIn
npo6ieMa HaCTAINX YHOLIEeM jOHA HeeCeHIjaTHIX,
TIO JBYZICKY SKMBOT BPJIO TOKCUYHIIX, METa/Ia y MEAMIINHI
ce 4ecTo IpMMelbyje XelaTHa Tepanyja [3]. XenatHa Tepa-
IHja IofjpasyMeBa IPYMEeHY PasIndUTIX OPTAHCKUX je-
IVIberba (T3B. XeTATHM JIMTAHIY VIV Xe/TATHU areHCcn) 3a

YK/Iambame jOHA eCeHIMja/IHNX MeTasla HaTaJIOKEHUX Y
TKUBMMA ycrieq, mopeMehaja y BUX0BOM MeTabomn3My
VJIM jOHA HeeCEHIMjaTHIX MeTaja U3 JbYLCKOT OpraHu-
3ma. OBa OpraHCKa jefymberba cafpike BIILIE JOHOPCKIX
aToMa Koju Tpajie Be3y ca joHuMa MeTasa (MO/MAeHTaTHI
nmuranpyu) popMupajyhn Ha Taj HaYMH KOMIUIEKCHA je-
numema ogpebeHor jona Metana. OBako ¢popMupaHa
KOMIIJIEKCHA jeiuIberba Cy PaCTBOPHA Y BOJM, IITO OMO-
ryhaBa #a ce KOMIUIEKCHPAHM jOH MeTaIa U3y U3 Op-
raHy3Ma ITyTeM YPYHapHOT TpakTa wim ¢ereca. Kapakre-
PUCTVKe “VIeaTHOI” Xe/IaTHOT areHca Cy HheroB U3pakeH
aMHUTET IIpeMa joHy MeTala, He3HaTHa TOKCUYHOCT, J0-
6pa pacTBOP/BMBOCT Y BOIM, Op3a eMMMHALja jOHA Me-
TaIa ¥ MCTa UCTpUOYIMja Kao 1 3a joH MeTana [5]. [Topen
TOT'a, HEOIIXOMIHO je [ja XellaTHM areHc GopMupa ca joHOM
MeTajia HeTOKCUYHE KOMIUIEKCe, KOji Cy CTaOMIHUU y
OJfHOCY Ha KOMIUIEKCe Ca Xe/laTHUM areHcuMa ([poTenHu,
HeNTHUAY U Jp) IPUCY THUM Y OPTaHu3My [5,6].

XesaTHa Tepanyja ce 3aCHIBA HA IHTPAaBEHO3HOM,
MHTPaMYCKy/IapHOM WJIV OPAJTHOM YHOLIEHY Xe/lTaTHOT
areHca y opraHusam, y3 Hagsop nekapa. IIpenHoct npu-
MeHe XeJIaTHIX areHaca y MeAMIVHI jeCTe Y YAbeHIIIN
[a cy oHM epUKACHM y ederhY aKyTHOT TPOBabha, Aa VK-
Narajy HaTaJOXXeHe jOHe MeTa/la Y MeKMM TKMBUMa
Hajyhy HeTokcuYHe KOMIDTEKCe U Aa IoCToju MoryhHoct
npuMeHe opajHe Tepanuje. C gpyre cTpane, Moryhu cy u
He)Xe/beHM e(eKTI XeIaTHe Tepallije, I1aBobosba, Myd-
HJHA U IIOBUIIECHY KPBHY IIPUTUCAK,  YCIIET, PeRUCTPU-
OyLuje TOKCMYHOT MeTajIa M CMamberba KOMIMYIHE eCeH-
nujanHux Metana [7]. Tlopen Tora, Hexu XeaTHU areHcn
He MOTY YKJIOHITY jOHe MeTaJIa KOjy ce Hanase yHyTap he-
7mje, MOK HEKY areHCH MOTY Jia IeTyjy XeIIaTOTOKCUYHO U
He(pPOTOKCMYHO, W Kao npo-okcupanty (DTPA, aue-
TIWIeHTpUaMIHIIeHTacypheTHa KyicenHa). YIIPKOC TOMe,
XeJlaTHA Tepallija ce BeoMa AyTro KOPUCTH Y MEAUIVIHIA Y
nedery nopemehaja y MeTabommusMy joHa MeTasIa W 3a
YK/Iambarbe joHa TOKCUYHX MeTa/a 13 OPraHu3Ma, a/ii U
Kao KOMIUIEMEHTapHa MeTOfia 3a Jlederbe APYTIX 00IecTH
(Tymopcka oborberba).

Xenainina iiepatiuja 3a neuerve iopemehaja
meitiabonusma isoxcha

IBoxxhe mpuIIaza rpyny eceHNyjamHmx MIKpoeeMe-
HaTa I IMa BeOMa BaXKHY Y/IOTY Y TPAHCIIOPTY KMCEOHNKA
o wiyha o mepudepuux TkuBa. Ilopers Tora, 0Baj MeTan
y 06/HKy iBa OKCHAAIIMOHA CTamba (+2 1 +3) y4ecTByje ¥
PEROKC MpolLecuMa y OpraHu3My U MOXKe JOLIPUHETH
(dopMupamy peakTUBHMX KMCEOHNYHUX BPCTA, IOMYT
xuppoxcut pagykana (OH), Koju y3pokyjy okcuaaTuBHO
orreherbe BaKHIX O1OMOIIKMX MakpoMoriekya [8]. ITo-
pemehaju MeTabom3aMa reoxt)a ce MOTy ITOfe/INTY Ha IIO-
pemehaje Hactaze ycnen nosehanor canpskaja reoxba y
opraHusMmy 1 Ha nopemehaje yciey lberoBor HeIOCTaTKa.
JHedunur reoxbha Moxke 13a3BaTy aHeMIjy, 3aMop, yop3a-
HM pajj CpLa, 3a[IMXaHOCT, CMatbeHy KOHI[eHTpaLyjy, Bp-
TOIIaBMILY, IopeMeheH caH, Telllke MEeHCTpyaIHe 60/IoBe
U KpBapeme, UCITyllajie YCHe, 3alla/betbe OKa U IyOyTaK
Koce [2]. C pyre cTpaHe, KaJja KO/IMYMHA alIcCOPOOBAHOT
rBoxkba mocrane Beha off KonmuyHe OBOT MeTana Koja ce
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Cmnka 1. CTpyKTypHe QopMy/Ie XeaTHUX areHaca Koji ce KOPUCTe Y Xe/IaTHOj Tepanuju 3a aederbe mopemehaja

MeTabonusma reoxkha [3]

U3JIydyje U3 opraHu3Ma (He IOCTOjU MEXaHU3aM 3a U3JTY-
unBamse rBoxba, Beh ce reoxhe ennmunmine kpos rybu-
TaK KpBIU), 0/1a3Y 4O Heu30eXXHOT HarOMU/IaBama
rBoxxba y opranusmy. [Tpekomepre konmunte reoxba y
OpraHN3My MOTY Y3pOKOBaTH olITelierbe IipeBHOT TPAaKTa,
nospaharse, aujapejy, 60/m10Be y 3171060B1MMa, TyOUTAK Te-
necHe Mace, 3aMop, ocehaj >xebu u rnapy, kaHuep, cpuyane
nopemehaje, aprTputic, ocreonoposy, fujaberec, pasHe
ncuxnyke nopeMehaje, Luposy jerpe, mpeKOMepHy IUT-
MeHTaIMjy KOXKe ¥ OMITY c/1abocT opranmsma [2]. [Ja 6u
Ce CIIpedrio OKCUAATIBHY CTPeC U eBeHTYaHo oiuTeherse
OpraHa, HeOIIXOIHO je YKIOHMUTH BUIIaK rBo>kba mpume-
HOM Xe/TaTHUX areHaca. HeonxofHo je #a ce Xe/laTHU
areHCH, KOjU Ce Yy OBY CBPXY KOPJICTE, JOBOJTbHO ;'aKo BEXY
3a roxche Koje Huje Besano 3a Tpanchepun’ u xoje je
TOCTYIIHO 32 (DeHTOHOBy peax1yjy, Koja BOY CTBAparby
OH panm(ana IToper Tora, oBu areHcu Tpeba f1a OHe-
Mmoryhe yuenthe jona reoxxba y penokc peaxkunjama [9].
Tpu Hajuenthe kopuiheHa xe/aTHa areHca 3a e/IIMUHA-
uujy Buiuka Fe’* jona us myackor oprannsma cy gecde-
puokcamu B, nedepunpon u fedpepacupoxc (Cruxa 1)
[3]. .

Hecheprnokcammu B (Desferal ) je cmnepodmpac) n
MIpeNCTaB/ba jelaH Off MHOTYX XE/IaTHMX JIMTaHa/la KOjU
npousBofie MUKpoopraunsmu [3]. Cagpsku pasnudute
(YHKIMOHATHE IPYyIIe KOje ce MOTY KOOP[IHOBATH 32 jo-
e Metara. [lechepuokcamun B ce koopnunyje 3a Fe3* jou
IIPEeKO TPM XUIPOKCAMATHE IPyIIe ¥ 1: 1 MOTICKOM OFHOCY,
IIpY 4eMy HacTaje IMO3UTMBHO Hae/IeKTPUCaHN OKTaelap-
CKV KOMIITEKC (3060T mpucycTBa NH;r rpyme). [losupa ce
MHTPaBeHO3HO, a Hactanu reoxkhe(IIl) kommuiexc ce enu-
MMHHUILIE M3 OpTaHM3Ma ITyTeM ypuHa wiu ¢ereca. Mo-
ryha HeXXe/beHa JiejcTBa IPMINKOM IIpUMeHe OBOT Xe/IaT-
HOT areHca cy amjapeja, noBpaharse, rpo3Huia, ryburax
cnyxa u nopemehaju Bupa [10].

Hedepunpon (Ferriprox®) je GueHTaTHI XVPOKCH-
MMPUIOHATHY TUTaHJ, Koju ce Besyje 3a Fe3* jon y mornc-

A) TpaHchepuH je TpaHCTIOPTHY IIPOTeyH rBoxkha y rmasmu.
?) Fe** + H,0, > Fe** + OH™ + OH'
D)

€ao OBy 0OJIeCT.
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KOM OJHOCY MeTaJl : IMTaHp = 1: 3, rpagehu HeyTpanan
KOMIUIEKC [11,12]. Y opraHmsam ce yHOCU OPaJTHO, TPU ITy-
Ta JHEBHO, IOK C¢ HACTA/IV KOMIUIEKC eIMMIHMUILIE IIPEKO
ypUHApHOT TpakTa. [leepuIpoH je Mame TOKCHYaH OF
mecdeproxcamuna B [5], mpu uemy je Hajo3OmBHUjK
TOKCUYaH edeKaT aedepUIIpoHa MojaBa TELIKOr 00/IKa
JIeyKOeHje, arpaHynionuTtose [13].

Hedepacupoxc (Exjade ) mpumnana HOBoj K1acy Tpu-
IeHTaTHYVX Xe/laTHMX areHaca [3]. Cagpxu N-cyncruryn-
canu bis(xunpokcudenmn)Tpuason, koju ce Besyje 3a Fe3*
jOH y MOJICKOM OFJHOCY MeTaJl : TuraHf = 1: 2 [12,14]. Kaon
IedUpOIPOH, 0Baj XeJIATHN areHC Ce y OpraHmu3aM yHOCH
OpanHo, jefHOM NHEBHO, IPM YeMy Ce HacCTalu
reoxxhe(I1I) komrtexc envmunmie ¢erecom. [lyrorpajua
npuMeHa fedepacipokca Moxe y3pokopary nopemehaje
y pamy 6ybpera u jeTpe, Kao u ouitehere KomtaHe cpxxu
[15].

Xenainina wiepatiuja 3a neuerve iopemehaja
meitiadonusma dakpa

bakap je eceHumjanHy MeTas KoOju je HEOIIXOJAH 3a
henmjcko pucame, okcnpanujy Fe** y Fe3™ jon, 6uocnn-
Te3y HeypOTPaHCMUTEPa, Pa3B0j LIEHTPATHOT HEPBHOT
cucrema u popmuparse BesuBHOT TKuBa [16]. [Tpu pusu-
OJIOIIKVM YCTIOBMMA, 6aKap IOCTOjI Y [iBa OKCU/ALIMOHA
CTamba, +1 U +2, IPY YeMy Y/Ia3U y CaCTaB MHOTUIX CH3JMA.
Bakap je, y 00/1Ky joHa, KOOpAMHATUBHO Be3aH 32 IIpOTe-
UMHe, TOK CI000RHY joHM O6aKpa, CIMIHO joHnMa rBokba,
KaTa/m3yjy popMupae CIo00fHIX panuKaia [17].

Ycnen nopemehaja MeTa60}II/I3Ma 6akpa y opranusmy,
jaBrpa ce BuicoHosa 6omect™ (morbus Wilson), ayTO30M-
HO peljecBHa 00OJIeCT, 3a KOjy je KapaKTepUCTUIHO II0-
BehaHo fenoHOBame 6aKpa y I0jefHUM TKUBUMA [3].
Borecr ce jajba Kao IIOCTIeAMIIA HEIOCTATKa Liepy/IoIIas-
MMHa ", ycreq yera Huje Moryhe ofjp>kaBare HOpMaTHOT
MeTabonmusMa 6akpa, Koju ce 300T HeZoCcTaTKa Hocaya
Besyje c1aboM Be30M 3a CepyMCKe IIPOTeMHe U JICTOBpe-

Cugnepodopa je reoxde-KkoMILIeKcHpajyhul XenaTHu areHe Koju IPOU3BOIE MUKPOOPraHU3MY (OaKTepyje U IIbUBHIIE).
Bornecr je mobwna HasuB 1o 6putaHckoM Heyporory Busncony (Samuel Alexander Kinnier Wilson, 1878 — 1937) KOjH je 1912. TOfjyiHe IIPBY OIN-



Canka 2. CTpykTypHe opMynie XelaTHUX areHaca
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Canka 3. CtpykTypHe ¢popMyJie XeJlaTHUX areHaca Koju ce
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KOPHUCTE y XeJIaTHOj TepaIliju 3a jieuerme nopemehaja meradbonu-

3Ma IuHKa [3]

MEHO TaloXXn y opranmma [18]. bakap ce Moxxe akymynu-
paTu y jetpu, ycieq dera fomasu 40 OKCUAATUBHOT CTpeca
u rupose jerpe. Ilocneguiie akyMynamyje 6akpa y MO3ry
MOTy OMTI HeypOJIOIIKa 000/berba MV IICUXITIKI [IOpe-
mehaju. ITopep Tora, manujentn xoju 60myjy o Biicoro-
Be 6orecty, pehe, Mory nmary 6ybpesxHe, Kap//OIOLLIKe,
eHJOKPMHOJIOLIKe U JepMaToolike mopemehaje [19].
Cumnromu Buiconose 6orectu cy ausaprTuja, TpeMop,
CKaH/IVIpaH! TOBOP, YKOYEHOCT YAOBa M MyCKy/IaType Iu-
113, mopemehaj xopa, mojauaHo Tydere IbyBadKe 1 OTe-
’KaHo ryTame. [lopen Tora, mpucyTas je Kajsep-®mnajme-
pos (Kayser-Fleischer) mpcTeH, Kao MOCTEANIA TATIOXKEHa
6axpa y BUALy 3€JIEHO-CUBOT IO 3€JIEHO-KYTOT IIPCTEHA Y
ounma [20].

BuiconoBa 6o7tecT ce jaB/ba KO jefjHe Off TpUpeceT
xwbaga ocoba [3]. Hekapa je oBa 6oect 6una Hensmeun-
Ba 11 Hem30€eXXHO je BOfiWIa CMPTH, JIOK Ce Y JAHAIIIbE Bpe-
Me, aKO Ce JIeTeKTYje y JOBOJ/bHO paHoj asu, oBa boect
JIe4y XeJTAaTHOM TepaIjOM U TPeTMaHOM IoMohy comm
IVHKa [21,22]. BaxxHO je HamoMeHy T fa 6110 fa ce Ko-
PYCTe COMY LMHKA VIV Xe/IaTHY areHCH Y iedersy Buico-
HOBe 00JIecTy, JIederbe je JOKMBOTHO, a Y CIIy4ajy fa Tepa-
I14ja He Jiefyje, HeOIIXOfHa je TpaHCIVIaHTauuja jetpe [3].

Tpu Hajuemhe kopuinhiena xenarHa arelca y jedermy
Bunconose 0onectu cy D-nieHUIIaMIH, TPUEHTUH U Te-

Tparnomormmoar [3]. CtpykTypHe GpopMyse OBUX XeJTaTHUX
areHaca cy IpuKasaHe Ha CIUIN

[MenniunaMuH je pBu opanHo KopuiheH xenatHu
areHc 3a nedere Bunconose 6onmectu. [Ipernocrasmba ce
Jia ce OBaj XeJTaTHM areHC OMIEeHTaTHO KOOpPJVHYje U Jja
¢dopmupa Beoma crabmnan Cu(L,II) komiuiekc crnoxeHe
CTpPYKTYype [21,23,24]. Vlako Beoma eukacaH, HeKn Ia-
I[MIjeHTH [OKA3Yjy XUNIePCEH3UTUBHOCT IIpeMa MeHNIIN-
NIAMUHY, KOjU je MeTabO/INT aHTUOMOTIKA IEHNIVIVHA. Y
TVM C/Ty4ajeBUMa, 3a Jiederbe BricoHoBe 60/ecT ce Ko-

E)

Ca;EDTA

PUCTU TPUeHTHH (TpueTUIeHTeTpaaMuH). TpueHTuH je
TeTpaJIeHTATHM JIUTaHJ KOju ce KoopauHyje 3a Cu** jor y
1:1 MOJICKOM OIHOCY IIPEKO 4eTMPY aMIHCKa aTOMa a30-
Ta. Hycnojae npuikoM IpyMeHe OBOT XE/IaTHOT areHca
cy Moryhe, i Beoma petke [25]. ITITo ce THye TeTpaTyo-
MonubaaTa, IPeTIOCTaB/ba Ce 1a OBaj XeJTaATHNU areHC
dopmupa kmactep ca 6akpom, y kome cy tpu Cu** jona
BesaHa 3a MraHp y kome MomoaeH(IV) uma reTpaenapc-
Ky TEOMETPUjY, IPU YEMY j€ HAETIEeKTPUCatbe KOMIIIEKCA
-2 [26]. TerpaToMonn6baaT ce BeoMa yCIeLIHO Ipu-
Melbyje KOJI ITallyjeHaTa ca HeypoyolKyM nopemehajuma,
Koje cy nocneauua Buconose 6omectn [21].

Ox HemaBHO ce ¥ COMY IMHKA IPYIMEbY]y 3a JIederbe
6orecTy Koje Cy oCIeyIia akyMyanyje 6akpa y pasmm-
yutyM opraruma [3]. Lunk(II) jon ctumynuine npous-
BOJ[by IIPOTENHA META/IOTYOHENHA, KOjJ ¥IMa BeOMa 13-
paxen adpurnter npema Cu>* jony. 3axsamyjyhu T0j
aubeHny, Buak Cu”’ joHa ce Besyje 3a OBaj POTENH, U
Ha Taj HauMH e/IVMIHILLE 13 OpranusMa [27].

Xenaitina wiepatiuja 3a neuerve iopemehaja
Mmeiniadonusma yuHka

Maxo je unuk(II) joH eceHnujanan 3a MHOTe $U3HO-
JIOLIKE IIPOLiece, IeIOB BUILIAK MOXKe 13a3BaTU TOKCIYHE
edexre [28]. Axo ce fosupa opanto, imHK(II) joH ce cMa-
Tpa HeTOKCUYHUM, &/ aKO Ce JO3MPajy IpeKOMEepHe 0-
3e, MOXKe Ce jaBUTU MYy4HIHa, HoBpahate, 6071 y TpOyXy 1
ymop [28]. IToper Tora, yaucame OMHK-OKCUAA Y MHYC-
TPUjCKMM TPOIeCMa IPOU3BOJHbe YenKa ¥ MeCHHTa,
MOXKe 1I3a3BaT IPO3HMULLY, IIABOOOIbY, MUjaIITHjy, YMOP,
noterkohe y aucamy u fpyre nopemehaje y papy mwiyha
[2728]. Y mwby yxiamama Bunika 1HK(II) jona 13 opra-
HI3Ma, IPMMeEIbyje ce Xe/laTHa Tepanuja. Y Ty CBPXY ce

ITepynomnasmiH je poTenH 6akpa Koju MMa Y/IOoTy Y TpaHcropTy reoxha.
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Cmuka 4. CTpykTypHe GopMy/ie XelaTHIX areHaca KOji ce KOPMCTe 3a yK/Iarbarbe JKIBe I3 OpraHusma [36]

KOPJCTe XeJIaTHY areHCH duje Cy CTPYKTypHe dpopMyIte
IpYKa3aHe Ha CTIUIN 3.

Kammjymosa co etunesaMmuHTeTpacupheTHe Ku-
cermue (Ca,EDTA) je 6v1a HajBaxHUju 11 Hajuenthe Ko-
puinheHn Xe/laTHY areHc 3a yK/Iamarbe BUlKa Zn”" joHa
[3]. MebyTtum, yTBpheHo je na oBaj Xe/raTHM areHc He MO-
e ITPpORY Kpo3 KpBHO-MOXK/aHy bapujepy, 300r 4era cy y
xHnuKy npakcy ysenen TPEN (N,N,N’, N -tetrakis(2-
mupupmiMern)etunenguamue (TPEN) u 1-xuppokcen-
mpuavH-2-THoH (muputroH) [29]. TPEN nokasyje nspa-
KeH auHNUTET MpeMa joHMMa TIpe/TasHMX MeTasa, JOK
uMma Manv apuuauter npema Ca>* jony, mrrnrehu tknso
cpua o ucxemujckux omrehema [30]. OBaj xemaTun
areHC ce XeKCaJIeHTaTHO KOOPAMHYyje 3a Zn>* jou, mpu ge-
My HacTaje OKTaelapcKy KoMIUtekc [31]. [Tupurnon uma
cnabuju adpuanTeT npema Zn>" jouy y oprocy va TPEN
JIMTaHT, @ KOOPHVHYyje ce OMIEHTaTHO 32 OBaj jOH MeTasIa y
1: 2 MOJICKOM OJTHOCY IIPEKO aTOMa KJICEOHMKa 1 aTOMa

cymropa [32].

Xenaitina wiepaiiuja 3a yKnarearoe #¥uee U3 Opianusma

JKuBa He mpumnaza rpynu eceHIMjalHUX MeTana.
MebyTtum, opraHoMeTanHa jeuibema X1Be ce Mpu-
MEbY)y Y MEAVILIVHY K0 aHTUMUKPOOHU areHcn [1]. Tuo-
Mepcal (HaTpyjyM-eTWIMePKY PUTUOCATULIVIIAT) je IpU-
CyTaH y BaKL[MIHaMa, KOje Ce IIPUMEbY)y IIPOTUB CBUIbC-
kor rpua. [Topen Tora, HeOPTaHCKO jeNMIbEH:e JKIBE, JKI-
Ba(I)-xmopuz (xanomen, Hg,Cl,), BekoBrMa ce KOPUCTHO
Kao JIaKCaTUB, Iy PETUK, aHTUCENTHK, MaCT 3a KOXY 1 32
TpeT™MaH BuTnra (rybsperme nmurmeHTa Ha ogpeheHnm
HenoBuMa Koxke), fok ce >xusa(Il)-cyndun mpuMersusao
Kao ceatyB U XNIHOTYK [1]. Takobe, enemMeHTapHa >xuBa
ce IpUMeMBaJIa y aMaraMyMa 3a IJioMoupame 3y0a,
IIOK je BeOMa TOKCUYHA Y 0O/IMKY mape. JefaH of Haj-
TOKCUYHUX OO/IVKA XKIIBE je OPraHOMETAITHO jefIIberbe,
METU/I->K/BA (CHS—HngX'), KOje ¥IMa U3pa’keH MOTeH-
nujan sa 6uoakymynanujy [33]. ¥ mynckom reny,
CH3—HgJr jOH je 0OMYHO Be3aH 3a aTOM CYMIIOpa THOJI-
HIIX JIMTaHafa, IIPY YeMy IIPO/Iasy Kpo3 KPBHO-MOX/IAHY
Gapujepy KOOpIMHOBaH IIPEKO aMUHOKVICeTHe L-1ycTe-
uH [1]. 3 henuja cucapa, yxiama ce y 067Ky KOMIDTEKCa
ca pefyKOBaHMM ITTyTATVIOHOM, a/I1 Ce IIOHOBO in Vivo
IIPeBOAIM Y KOMIIIEKC ca L-nycrenHoM. AKO ce MeTuI-
KB IIpeBefie y HeOPTaHCKO jelberbe XuBe (Koje je 06-
WYHO HEPACTBOPHO Y OMOJIOLIKYIM TEYHOCTVIMA), I0/Ia3M
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IO aKyMyJIalyje y LieHTpaTHOM HEPBHOM CUCTEMY WU
U3JTy4MBamba IpeKo dereca.

Mpunamara 6onect (Minamata) npepcrasmpa 03-
6wbaH HeypoyIoLIKY IopeMehaj Koju je M3a3BaH TEeIIKUM
TpoBambeM X1BOM [34]. OBa 6orecT je mpBu My T peruc-
TPOBaHa Y jallaHCKOM rpany MiuHaMaTa, a y3poKoBaHa je
UCITYIITalkeM MeTII-KIBE Y MHIYCTPUjCKe OTIIajiHe BOe
op; crpane xemujcke dabprke Chisso, y meprony oz 1932.
110 1968. ropyHe. CHMIITOMM OBe 607IeCTH YK/bYUyjy aTaK-
CHjy, YTPHYZIOCT PYKy 1 CTOIIa/Ia, OMIUTY C1ab0CT MUILN-
ha, cy>xere BunHOT 1o7ba, omreherme cayxa, OTeXXaH ro-
BOp, Mandopmanyje Ha (eTycy, mapannsy, KOMYy ¥ CMPT.
Maprta 2001. rOfMHE, 3BaHNYHO j€ PETUCTPOBAHO 2265
ocob6a obonennx o oBe 60/mecTy, Off Yera je 1784 /byan
HPEeMIHYJIO, ¥ IIPEKO 10000 0co6a Koje ¢y npumuie Gu-
HaHCujcKy koMreHsarujy on Chisso pabpuxe [35].

3a yKIamame XIBe U3 OpPraHU3Ma, IPUMEYjy ce
KOMIUTeKCHpajyhu areHcu Koju cafipKe TUOJIHE TPYIIe,
nMajyhu y Buny aguHnuTeT OBYX MUraHaja IpeMa joHuMa
xuBe. CTpyKTypHe GopMyIIe Xe/IaTHNX areHaca Koji ce
IpMMelbYjy 3a Jlederbe TPOBaba XKMUBOM CY IIpUKa3aHe Ha
oy 4 [36].

Panuje ce TpoBame >X1BOM €410 ITpuMeHoM D-nie-
Hurptamyaa (Camka 2) u 2,3-[UMepKanTOnpOonaHoia
(BAL, British Anti Lewisite) [36]. Mebhytum, yrBpheno je
ma BAL noBehasa Tanoxerme HEOPraHCKIX U OPTAHCKUX
obmika xuBe y Mo3ry [36]. Vimajyhu y Buny Ty unmenn-
1Ty, y Xe/IaTHy Tepamnujy 3a jiederbe TPOBatba XIBOM CY
yBeTieHI HOBM XeJIaTHM areHCH, Me30-2,3-F1MepPKanTocy-
KumHcKa KucenuHa (Succimer unu DMSA) u D,L-2,3-
AMMepKanTo-1-nponancyadoncka kucenynsa (Dimaval
wit DMPS) (Cnuka 4) [36]. VicnutuBama cy nokasaia ja
DMSA 1 DMPS arency sHa4ajHO CMakbyjy KOMYMHY XKI-
Be y Mo3ry [37]. DMPS je Beoma edrkacaH y yedery akyT-
HOT ¥ XpPOHIYHOT TPOBatha HEOPraHCKMM jeMbebiMa
JKMBe, yKbydyjyhu 1 rape eieMeHTapHe xuBe [38], ok je
DMSA eduxacHuju 3a ykiamarme OpraHOMeTaTHIX je-
Iuberba XXuBe [39]. OBa jBa XenaTHa areHca ce He Ipero-
PY4yjy 3a /ederbe maryjeHaTa Koju 60/1yjy Of HeyposoLI-
kux mopemehaja [39].

Xenattina Wiepatiuja 3a yknareatrve 071064 U3
opianusma
TpoBatbe 0710BOM je II03HATO jOIII Off AHTUYKIMX Bpe-

MEHa, MaKo Ce CUTyaluja 3Ha4ajHo noropiuasa of XVIII
BeKa TOKOM MHAIyCTpujcke peBonynuje [36]. Onoso Hema



3Ha4ajHy 610OUIKY (DYHKIMjy Y OpraHu3My, ajy je usy-
3eTHO TOKCUYaH eJIeMEHT KOjJi MOXKe Jja M3a30Be BeoMa
036wbHe nopeMehaje y paly HepBHOT 11 Kap[iMOBacKy/Iap-
HOT CHCTeMa, jeTpe 1 6yOpera [40]. BaxxHo je HarlomeRy TH
ZIa Cy Jelia Ioce6HO M3/I0XKEHa BEIVKOM PU3MKY, jep Hbi-
XOB CHCTeM OpraHa 3a Bapetbe ancop6yje Pb>" jon y Behem
CTEIeHy ¥ MMajy HEPBHU CUCTEM KOjH je jOII yBEK Y pas-
BOjy [41]. Mexannsam TokciaHOT fenoBatba Pb>" joma ce
offHOCH Ha GOpMUparbe PeaKTUBHMX KUCEOHNYHMX Bp-
CTa, Koje y3poKyjy omTeheme BaxHUX 61OMOIEKyIa,
ITHK u ensuma [40].

3a yKIamame 0/10Ba I3 OPTaHN3Ma KOPICTe ce pa-
HIIje IOMEHYTY XeIaTHI aTe€HCH, KOjU Ce IIPUMeEIbYjy 3a
yKamamwe 0akpa, uyHka u xuse (Cruka 2-4) [36,40].
CaNa,EDTA je jenan o XeflaTHMX areHaca Koju KOOpau-
Hyje Pb>* joH, a/u He mOKasyje CeNEKTUBHOCT, TAKO /ja MO~
’Ke 3HAYajHO CMAITI KO/IYMHE jOHA eCeHIVja/THIX Me-
tama (Zn**, Fe**/3*, Mn*) [42]. ITopex Tora, CaNa,EDTA
MO>Ke Y3pOKOBaTI PEHATHY TOKCUYHOCT, TOCEOHO KO
nanmjeHata Koju umajy 6yopexue nopemehaje [43].
DMSA xenaTHI areHc je 3HaTHO euKacHuju of D-nenu-
UWIaMMHA y CMatbyBaby Komranae Pb** jona y Mexum
TKUBUMA U Y T0Behakby BeroBor U3/TydrBarba IPeKo Ypy-
HapHor TpakTa [36]. C Apyre cTpaHe, OBaj areHC He MOXe
koopuuHoBatn Pb** joH Koju je HaTanmOXeH y KocTuMa.
Haxo teparmja momohy DMSA Mose y3pokoBaty ry6u-
TaK aneTuTa, nospahame u fujapejy [44], cMaTpa ce fia je
HajeUKaCHMja 32 YK/Iamakbe 0JI0Ba 13 OPraHM3Ma.

YMECTO 3AK/bYUYKA

ITopemehaju MeTaboNMM3Ma eceHIMjaMHNX jOHA MeTa-
JIa y OpraHM3MY I/JIU IPEKOMEPHO YHOLIEHbe jOHa, KaKO
€CEHIMja/IHMX TaKO ¥ HeeCEHIMja/IHIX, MeTajla MOTY y3-
POKOBATH pasinyuTe 3EpaBCTBEHe MpobIeMe: Of 1aKo
U3IeYNBUX IO CMPTOHOCHMX. Tepanuja 3paBCcTBEHUX
npo6ieMa OBe BPCTe Ce YIIABHOM 3aCHMBA Ha IIPUMEH!U
XeJIaTHUX areHaca KOju ca jOHMMa MeTajla Tpajie pacTBOp-
He KOMIUIEKCe U KOjI Ce, 3aTUM, U3Tydyjy U3 OpraHu3Ma
IyTeM YPYHAPHOT TpakTa Wi deleca. Vako xermaTHa Te-
pamnyja nMa opipeheHe HeoCcTaTKe, YKOIMKO Ce XeTaTHU
areHCH afieKBaTHO IPUMeEIbYjy U Y3 Hal30p JIeKapa, OHa
MoKe OUTH Bp/Io erKacHa Y /Iederby. YIIPKOC TOj Unikbe-
HULY, TIOCTOjV TOTpeda 3a Ja/bUM UCTPOKUBABYUMA Y
0BOj 00/1acTy 1 3a NpOHa/IaXKeHheM HOBMX XeaTHMX are-
Haca, unju 611 edexat 6110 JeTTOTBOPHIjIL.
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CHELATION THERAPY - THE USE OF METAL
CHELATING AGENTS IN MEDICINE

Jelena GITARIC and Biljana P. GLISIC

University of Kragujevac, Faculty of Science, Department of
Chemistry, Serbia

Due to the metabolism disorders or excessive uptake of
metal ions in the organism, their accumulation in the
certain organs, such as brain, liver and kidneys, may occur.
Chelation therapy is applied in order to eliminate the
essential metal ions deposited in the tissues and non-
essential (toxic) metal ions from the human organism. This
therapy involves the treatment with compounds containing

a large number of donor atoms (polydentate ligands or
chelating agents). These chelating agents form complexes
with the essential metal ions deposited in the tissues and
with the non-essential metal ions. These complexes are
soluble in water and can be excreted from the body via the
urinary tract or faeces. In this review article, the overview of
chelating agents, which are used to eliminate the essential
metal ions deposited in the tissues (iron, copper and zinc)
as well as non-essential metal ions (mercury and lead) is
presented.
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Teopwujcku refano, 6poj MpoTenHa y OpraHusMy
Tpebaso 61 fga Oyzne jenHak 6pojy QpyHKIMja KOjy IpoTe-
uHY ocTBapyjy. Kako je 3a henujy eneprercku HemoBo/bHO
a CUHTETHIIIe TaKO BE/IMKY OPOj IPOTeNHa, PasBUIN Cy
ce OpOjHU MeXaHM3MI KOjuMa Ce IPOTEMHY MOTY MOfI-
¢ukoBaTy. Tako M3MembeHM IIPOTENHY MOTY MIMaTH U3Me-
IbeHe 0coOMHe, a caMuM TuM 1 GyHKuje. Mopudrnka-
Lyije IpoTeyHa Cy OpojHe, I1a Cy y OBOM pajjy OIVICaHe [iBe
Haj3aCTyIUbCHUje - I/IMKO3WIOBabe 11 pocopiIoBare.

ITIOPEKJIO ITPOTEMMHCKE
PA3SHOBPCHOCTH

Jbynu. Bucoku, HyCKu, MpILIaBy, CBETIIE ITy TH, TAMHE
Iy TH, VIV TIAK Ky T, OyIiMacTy, wiasy, cMebu, pubu, up-
HIL.. Ha Kpajy, UIIaK, /byny. CnydaH MOfieNI IIpate U IIpo-
TEVHM, &V 1A OGMICMO VX Pa3/IMKOBaIV OHM Cy MOFU(UKO-
BaHI, I1a CXOHO ToMe: GpocoprnoBanm, METUIOBAH,
IJIVKO3M/IOBaHMY, XMAPOKCVIOBAH, alleTVIOBAHN, CyMO-
WI0BaHM, HaMuTOMIOBaHM uTH. Kao mro jeman goBek
MOXKe OMTI BUCOK, OKPYI/IACT U pulb), TAKO 1 IPOTENHM
MOTY MMaTHy BUILIE PasMNINTIX MORU(UKaIyja Koje MOTy
3HAYajHO YTUIIATH Ha HETOBY aKTUBHOCT, CTAOMIHOCT,
TIOKanu3anyjy 1 QyHKIY.

CymTiHa mpoTenHCKUX MoaudyKanyja Huje caMo y
LWbY Pa3lIUKOBamba IPOTeNHA WIN ¥ ,,hennjckoj foko-
HocTu“ Beh, HarpoTus, y ekonoMuuHoctu. Hanme, o-
TUUKY [TIEfAHO, 3a CBAKY IPOTENHCKY GYHKIHjy 610 61
notpebat jeman nporenH. Kako cy gpyukimje 6pojHe, T0
61 3HAYWIIO U [1a Y OPTaHM3MY MOpa IIOCTOjaTV HEKOJMKO
CTOTVMHA XI/baJla PA3/IMUNTIIX IPOTENHA. 32 CUHTE3Y TaKO
Be/MKOT 6poja mpoTerHa 6yIa 611 HEOIIXO/[HA VI Be/IMKa
KO/IM4YMHA eHepruje, ITo 6u 3a henujy 6uno kpajmwe
€HepreTCKM HEMIOBOJ/BHO. YIIPABO 13 TOT pasyiora, hemmje
Cy ce JoceTuIe ia PeLKIMpPajy IPOTeNHe, A/l U [ UX
MomuuKyjy. 3axBa/byjyhur ToMe, Off OKO 20-25 X1/bafia re-
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IIOPEKJIO ITPOTENMHCKE PASHOBPCHOCTM -
3HAYAJ IPOTEMHCKUX MOTV®UKAIIUJA

Ha IPUCYTHUX Yy JbYJICKOM I€HOMY MOXKE C€ CMHTETUCATA
HEKOJIMKO CTOTVMHA XWbaJja, VI YaK MIJIVIOH IIPOTENHA.

KPATAK ITPEI'TTEQ I'TTMKO3MIIOBAILA
ITPOTENHA

Kao mrto je Beh momenyTo, mpoTenHyu Mory 6UTH
HOZIBPTHY TH Pa3IMuuTUM MoiudMKaIjama Koje Cy, UCTO
TaKO, Pas/IM4NTO 3aCTYIUbEHE. JeflHa Of Haj3acTYIbe-
HIjJX IPOTEMHCKUX MOAM(IKaILja je IIUMKO3UIOBakbe.
OBa npoMeHa MO>ke JOTIPMHET BETMYMHYI HACTAIOT I7IN-
KOIIpoTeyHa (IIMKaH ¥ IPOTEVH 3aje[JHO Y/HE IIIMKOIIPO-
TeUH), jep I/INMKaHCKa KOMIIOHEHTa MOYKe Y/HUTH Y IOJIO-
BUHY YKYIIHE Mace IJIMKOIPOTENHA, ¥ MOXKe 3HaYajHO
YTULIATY Ha pa3anduTe ocobuHe 1 QpyHKIVje HaCcTalIor
mkonporenHa. [la He 6u 6110 3a6yHe, ocToje 1 6110-
MOJIEKY/IM uyjy Behyt [eo 4mHe IIVKaHM, [JOK je IPOTeu-
HCKI JIe0 3aCTYIUbEH y MHOTO Marb0j Mepu. Taksu 611omo-
JIEKY/IM Ce 30BY IIPOTEOINTMKAHM, & KAKO OHM IIPefICTa-
B/bajy TIOTIIYHO JPYTY K/Iacy jeubera ony Hehe 6ury Te-
Ma OBOT pajia.

Tunosy rMKo3WIOBama ce pas3anKyjy IpemMa BpCTI
aToMa aMVHOKVCE/IMHCKOT OCTaTKa IPOTeVHA KOjI IPajiit
KOBAaJIEHTHY Be3y Ca YI/beHUKOBUM aTOMOM YI/bEHOXN-
npaTHe kommoHeHTe. Tako nocroje: I'TIV mopudukarmja
(mMopm¢uxanyja nporenta rmko3ni-pocdaTUanI-NHO-
3UTOJIOM), IIunMjanyja (BesauBamwe MaHose (Man) 3a
bocdoeTaHoNaMIH Be3aH 3a TEPMUHAIHY KaPOOKCUIHY
Tpyny HpoTenHa), GocormmKo3nnoBame (BesuBame
yI/beHOXUpaTHEe KOMIIOHEHTe 3a mpoTenH gocdo-
AMecTapckoM BesoM), C-T/MKosmIoBatbe (BesyBarbe Man
3a rpunrodan (Trp)), O-rmmkosunoBame (anomeprn C
arom N-anermiranakrosamuta (GaNAc) rpaay rkosu-
IHY Be3y ca XMAPOKCUIHOM IPYIIOM cepuHa (Ser) nin
tpeonnHa (Thr)) u N-rmkosuioBase.



A b

Asn Asn

B N-anerunrinykozamus (GIcNAc)

o Tamakroza (Gal)

v ®yxko3sa (Fuc)

B

Asn

@ Mano3za (Man)

¢ N-anermiHeypaMHHCKa KHCENTHHa/ CHjalnHCKa Kucenuna (Sia)

Cmuka 1. Tunosu N-rnmkana. A-BMCOKOMaHO3HY; b-xubpnanu; B-kommnekcHn.

N- U O-TTIMKO3UIOBAIBE

N-rimukosnnoBame je MoayduKanuja IpoTenHa y
KO0jOj Ce ITIMKO31iHa Be3a popMupa nsMely anomepror C
aroma N-aunetmarnykosamusa (GIcNAc) 1 amuno rpyme
ocraTka acraparusa (Asn). JTa 611 HeKO MecTo IIpoTenHa
60 N-I7IMK03MI0BaHO, Asn MOpa OMTY Y CEKBEHIIN
Asn-X-Ser/Thr, rpe je X 6u/10 koja aMMHOKICENMHA OCUM
npouHa (Pro). Ykommko ce y npotenny uycrent (Cys)
Ha/Ia3!l y penyKoBaHoj opmu, oHpia cexsera Asn-X-Cys
TaKoDe MOXKe IIOCTTY)KNUTI Kao MecTo N-I/IVKO3/IOBarba
[1]. Kaxo cy N-rimko3nnioBaHy IpOTeMHY KOMIIOHEHTe
ITa3MyHe MeMOpaHe W IPOTEVHY KOjI Ce U3y 4yjy U3
hermje, cMatpa ce ma je gak 50% cByx mpotenHa N-rymko-
sunoBaHo [2]. [Tpouec rinkosmmoBama 3aBUCHK Off TOC-
TYIIHOCTY YI/beHUX XUPATA, A/ U OPOjHUX ITIMKOSWII-
Tpancdepasa, IMMKO3U/A3a, ¥ Apyrux nporeyHa. [Tomro
He [IOCTOjU TeMIUIAT IIMKO3WIOBamba, OH/A je 1 6poj Mo-
ryhyx koMOuHaIVja 3a HacTajambe pasININTUX [TINKO-
¢opmu orpomas.

ITocroju jour mopena koje Tpeba momeHyTH. Tako mo-
croje Tpy TiIa N-ITIMKaHa, a TO CY BUCOKOMAaHO3HM, KOM-
IUIEKCHY ¥ XMOPUHML. 3aje[JHITIKO 3a CBA TPV THUIIA je LITO
Cafip>Ke TPMMAHO3HO je3TPo IOBE3AHO Ca [Ba MOJIEKY/Ia
GIcNAG, xoju je Ha Kpajy Be3aH 3a IIOMEHYTY CEeKBEHILY
nporeyHa (CIKa 1).

I'mikaHm Mory uMaTy jiBe rpaHe (Kao IITO je IpyKa-
3aHO Ha ¢y 1oy, B), ma ce Tajia 30By GmaHTeHapHM, anmy
MOTY MMaTH U TPY, YeTUPY, TIeT TPaHa Ima OuTy Tpu-, Te-
Tpa- U IIEHTAAHTEHAPHM. Y3 TO, KOMIIEKCHI N-I/IVKaHu
mory nMaty 1 ¢ykosy (Fuc) BesaHy 3a TpMMaHO3HO je-
3rpo, Wi nak GIcNAc Be3aH 3a IIeHTPa/THO IIOCTaB/beHy
Man (360r gera ce HazuBa yMeTHYTH GIcNAC). Bpoj
KOMOVHa1Mja je CKOpO GeKCOHAYaH.

O-rukanm ce off N-I7MKaHa pasnmKyjy Kako y Ko-
MIUTEKCHOCTH, TaKO U Y CHTe3U 11 QYHKIMjI. FaHUM/BY-
BO je fa je O-TMKO3UI0Barbe Make MCIUTUBAHO of N-
IJIMKO3W/IOBaba. JelaH Off pasjiora je, CBaKaKo, YMHeHMIIA
na 3a O-IIMKO3UIOBamlke He II0CTOj) KOHIIeH3yCHa
cexBeHIa. [lakie, MaKo ce 3Ha Jia OBaj TUII IIMKO3WIO-
Bamba ITounbe BesuparmbeM GalNAc 3a XVIpOKCIIHY IpyITy
amuHokucemmua Ser wm Thr (Moxxe u Tuposuna (Tyr) n
XUAPOKCIWIN3UHA), UIAK Ce He 3Ha KaKBe Cy OCTazle aMil-
HOKJICe/IHE Koje Ce Ha/lase Y IBJIXOBOM OKPYKerY 1 KO-
JIVIKO CY Of yTHIaja Ha O-I/IMKO3WIOBakhe IIOTEHIMjATHOT
MeCTa I/IMKO3W/IOBabA.

OOCPOPIIIOBAILE ITPOTEMHA

DocopunoBamwe nporenHa HacTaje ycen TpaHcde-
pa docdarre rpyme ca Morekyna afeHo3uH-Tpudocdara
(a y HexuM cryuajeBuMa U ryaHuH-Tpudocdara) Ha Xu-
IpOKCIIHY IpyIry aMmuHokyicenHa Set, Thr wm Tyr. ITo-
CTOje Ba MexaHu3Ma GpocopuIoBatba 1 OHM Cy O3HaYe-
HJ KaO acoLpjaTuBHI 11 fuconujatyBay Tuil. Oba Mexa-
HU3Ma Ce O[IBUjajy y TPM KOpaka u y npucyctsy Mg>*,
KOj¥ OFATHO CTabu/IM3yje HaelleKTpuCcaHe Ipylie TpH-
¢ocdara. Peakuuje pocopunoBama KaTanusyjy eH3UMI
KI[Ha3e, 0K je yKIamarbe GocdaTHIX OcTaTaKa IOof] KOH-
Tponom eH3uma docdarasa (cnuka 2). OBe gBe rpyrme
eH3uMa MOMQUKYjy CIOCOOHOCT IPOTENHA [ja OCTBAPK
cBOjy GyHKIM]y Y hemjckoM MeTaboMM3My U IPEHOCY
curHana. Pocdoprioame je MIMPOKO 3aCTyIUbeHa IPO-
TeMHCKa MOfV(UKaLuja, Ia Cy HeK/ IPOTEUHY aKTVBHU
TeK HaKoH pocdopuoBara. PochopuIOBaHY IPOTENHN
uMajy 3HadajHy ynory y Behunu henmjcknx npoueca: y he-
NIMJCKOj e00M, PacTy, IPEHOCY CUTHAA, META00IN3MY
YITbeHVX XUAPATA, T1a U1 PAcTy BUpyca (MHXMOMLOM K-
Hasa OCeT/bUBIX Ha JINTIjYM, BUPYC IyOM CIIOCOOHOCT pe-
IIMKalyje V1 IpeKyB/baBama) [3].
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Cnuxka 2. ®ochopunosame u fepocopunosame
cepuHa.

3HAYA] MOOMOUKAIDUJE ITPOTEVHA

ITPVIMEP 1

Vimynorno6ymua I' (IgG) jenan je on HajsacTymbe-
HMjJX IIPOTEVHA IUIa3Me, YMja ce KOHIleHTpaluja kpehe
usMeby 7-18g/1. To je IMKOIPOTENH cacTaB/beH OF ABa
TeIIKa U [Ba JIaKa MaHIa. Ha cBakoM TelIkoM maHIy, y
koHctauTHOM (Fc) pernoHy, mocroju mo jenau 6uaHre-
HapHU N-IIuKaH Be3aH 3a Asn Ha HO3ULUjU 297
(Asn297). IlomenyTy N-I/MKaH je CTpaTelKy IOCTaB/beH
TaKO Jla UTPa Ba)KHY y/IOTY Y Be3uBamby 3a Fc pereniTope.
Cacras N-I/IMKaHa Ha O3SUIMjU Asn297 yTude Ha KBa-
TEPHAPHY CTPYKTYpy Fc permona, jep oH cBOjuUM MHTEpa-
Kiujama crabumsyje Fc pernos [4]. Inukosunosame Fc
pernoHa 06e36ehyje orBopennjy koHpopManujy 1 Ha T4j
HauyH oMoryhasa Besusame 3a Fcy penenrtop [5,6]. biu-
3JIHa IVIMKaHa CaMOM pelieniTopy obes6elyje mHTepaKumjy
usMeby r/mKaHa 1 nporerHa [6], a kako xymanm FcyRIIla
u FcyRIIIb excipumypajy koH3epBuCcaHy IIVIKaH Ha IO-
3ummju Asni62, TaKO JOIA3M U IO ITIVKAH-T/IMKAH MHTe-
pakunje [78]. [TokasaHo je fa jemHa Maia u3MeHa y ca-
cTaBy OBOT IMKaHa (mopatak Fuc koja ce Besyje 3a jesrpo
N-rnmkaHa) MO)ke yTunaty Ha KoHpopmanujy Fc pern-
OHa, IIITO 32 MOC/IEMIUITY MMa CMatbeH aMHNTET 3 perien-
top FcyRIIIa [9]. Yak 95% cBux IgG Hocn dykosmioBaHe
N-rnmkane, IITO je HEKM BUJ, 3aIUTUTE KOjU CIpedYasa Io-
KpeTame IOTeHIIMja/IHO JeCTPYKTUBHOT MexaHu3sMa he-
JIMjCKe LM TOTOKCUYHOCTH KOja 3aBICH Off aHTHTe/Ia (€HT.
antibody dependent cellular cytotoxicity). OBe unrepa-
Kilyje cy u3yseTHO 3HauajHe jep ce FcyRIIIa penentop Ha-
nasu Ha HK henujama 1j. henujama npupopsum younama
(ewr. natural killer cells). Jour jerHa 3aHMM/bUBA KapaKTe-
PUCTHKA Ha HMBOY ITIMKaHCKe CTpyKType IgG, jecte n
HPKCYCTBO Tj. OCYCTBO CUja/MHCKe KucenyHe (Sia) Besa-
He 012,6-I/IMKO3K/THOM Be30M. Y OfiCyCTBY 02,6-Sia, IgG je
npo-nHGIaMaTOpHI MOJIEKYTI, JOK HPUCYCTBO 2,6-Sia Ha
KpajeBuMa laHana N-I/IMKaHa IPEBOAY OBaj IIPOTENH Y
anTu-nHdIaMaTopHu [10]. Jlpyra, Hao4unrien Maja usMe-
Hay cacTaBy N-IJIMKaHa, Kao IITO je HEKOMIUIETHO TajaK-
To3mnioBame IgG, MoXKe oBeCTH [0 aKTUBalMje KOMILIe-
MEHTa II0CPeICTBOM IIPOTeNHA Koju Be3yje Man, 1 Ha Taj
HA4MH Ce 0Baj IPOTENH MOXKe YK/bYIUTH Y 0 MaToNIo-
LIKOT MexaHusMa [11].

W cnepehu mpumepy mokasyjy fia je onokaj IIMKaHa
BaxkaH 3a Qynkuujy IgG. ¥ oxsupy Fab pernona, oxro-
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BOPHOT 32 Be3uBame IgG 3a anTureH, Takobe ce Haasu
Asn koju Hocu 6uanTeHapHe N-r/mkase. J[o IIMKo3uIo-
Balba OBOT PErMOHa 10/1a3 TOKOM VIMYHCKOT OfTOBOpa Ha
crenuUYHN aHTUTEH, Kao IOCTIeANIIa COMATCKe XUIIep-
myTanyje. OBM ITIVKaHM MOTY 3Ha4ajHO yTUIIATY Ha CTa-
OVITHOCT, OMTY>KUBOT 1 Be3yjyhe KapaKTepucTIKe aHTH-
Tefa 1 perjeritopa Ha b henmjama. Y opehemy ca Fc peru-
OHOM, I/nKaHy Fab pernoHa nMajy Bucok capiaj ymer-
HyTor GlcNAg, ranaxrose (Gal) u Sia, ok je cagpskaj Fuc
Be3aHe 3a jesrpo manu. Iloper Tora, 4% MOMMKIOHCKIX
monexyna IgG y Fab pernony cagp»xu 1 BucokoMaHO3He
DIMKaHe (MOTy OMTH JOMVHAHTHM Ha HEKMM MOHOKJIO-
HCKMM aHTHTe/IMIMA), JOK OBJIX IIMKaHa HeMa y Fc perno-
Hy. Bricok creneH cujamuusoBama rkana Fab perrona
MOJKe TIOTUIIATYL Off CeNIEKTVBHOT yK/Iakata CTPYKTypa
KOje HUCY CUja/MHI30BaHe, 3axBabyjyhu penenropuma
3a acMjaJIOITIMKOIIPOTeNHe KOju ce Hajase y jerpu. Ha
0Baj HaulH, 3axBa/byjyhu npucyctsy Sia y Fab pernony,
HPOZRY>KaBa ce MOMyXXMBOT UMyHOIIoOy/mHa [12]. [/muka-
Hu Fc pernona nocras/beHy Cy ca yHyTpalllibe CTpaHe
Cy2 oMeHa, 10K Cy rmkany Fab pernona sHatHo usmo-
JKEHMjU U, CAMMM TUM, OCTYIHUjY Pas3INIUTIM [IUKO-
sunTpaHcdepasama, ITO je IIOKa3aHO HeKMM TeCTOBMMA
Ca JIEKTVHMMA V1 CTETICHOM Be3VBarba aHTUTeNa [13,14],
TOK €KCIIEPMMEHTY €H3MMCKE IUTECTHje YKa3Yjy Aa Cy
ruKaHu Fc perroHa unak npucTynayHuju HeKMM eH3HU-
MMMa, 3a Pas/MKy of I/inkaHa Fab pernona [15,16].

Crenen rnukosunosamwa IgG saBucu o focTyn-
HOCTH YI/beHMX XU/IPATA, eH3UMA, V1 APYTUX IIPOTeMHA
YK/bY4eHMX y Hpoliec I/mKosuiosama y b hemmjama. Kop
HeKyX (DV3MOIOIIKMX 1 ITATOMOLIKYX CTarba mpyMehena
cy anturena ca ogpehennm rivkodopmama Fab n Fe pe-
ruoHa (cnuka 3). OBe cenuduIHOCTY Ce MOTY HeCUTU
3axBa/byjyhu enmureHeTCKUM yTHUIIajUMa Ha €KCIIPECHjy
DIMKO3WITpaHcdepasa, LITO je OIleT MOBe3aHo ca 6poj-
HVM (paKTOpyMMAa HOIYT CTAPOCTH, TPyAHODE, XOPMOHA,
nuToKMHa, 6akrepujcke JHK n Metabonnra xpase [17].

Kapa cy u3 ocobe ca 6narum 06/1mkoM xemmodunje
A nzonosana JIE2Eg, anturena Ha gaxrop Koarynaruje
VIII (pVIII), mokasaHo je ga OHa MOTY HEYTPIMCATH YaK
90% aKTUBHOCTHU OBOT ()aKTOpa U CIPEUUTI HETOBO
BesuBambe 3a GoH Bunebpaunos daxrop (GBD). Yka-
matbe IkaHa Fab perroHa (eH3MMCKOM AUrecTijoM mim
MyTareHesoM) JJ0BEJIO je 0 IIOHOBHOT popMupara KOM-
wiekca ¢ VIII-GBD u 3a 40% cmamuio epuKacHOCT
aHTUTeNna Koja uuxubupajy pVIIL, ve yruayhu Ha adpunu-
tet JIE2Eg 3a HVIII [19].

IgG ce MOTry ORENUTY Y HEKOJIMKO MOIKIACA O3HA-
JeHIX OpojeBMMa 1, 2, 3 11 4, IIPU YEMY je Haj3aCTyIUbeHIja
nopxiaca 1 (IgG1), ZoK je HajMarbe 3aCTyIUbEHA TOK/IACa
4 (IgG4) [20]. CtM4HOCT y aMUHOKVCEIMHCKO] CTPYKTY-
pu meby nopkacama je Benuka (0ko 90%), amyu cBaka
nopiaca IgG 1mMa Heke ce6y CBOjCTBEHE KapaKTEepUCTH-
Ke, Kao LITO Cy CIeNVI(QUIHOCT y: Be3UBalby aHTUTEHa,
dbopMupamy UMYHCKOT KOMIIIEKCA, aKTYBALVj/ KOMIDTe-
MEHTa, TIoKpeTamy edpexTopckux hemja, monyxusoty un
TPaHCIIOPTY Kpo3 IIalleHTy. VIHTepecaHTHO je fa
CMamerbe KOHIIeHTpaluje onpehene nopxmace Moxe 61
Y3POKOBaHO M3/10)keHoIINy HeKVM maroreHnmMa. Jecro ce



Crapeme
AyToMMyHCKe OonecTu
Hubexrusre Gonectn
Jlpyre Gonectu

#

Crapeme

Hubnamatopre 60NeCTH U CTamka
AyToMMyHCKe 6OJIecTH
Kanuepn*®

Hudexrupue 6onectu

Jlpyre Gonecti

AnoumyHcke 6oecTu
Bucuepansa najimMasnosa
Tupounuu xaHuep
XunepreHsuja
Tanakro3emuja

AnonMyHcKe 6osecTH
Kannepu***

AnoumyHcke Gonectn
ITapxunconosa Gonect

Crapeme

Hudnamatopre 60ecTH U CTama
AyToumyHcKe GoecTi™****
VH(eKTHBHY eHAOKAPAUTHC
Kapuunom pe6enor upesa
XponunuHa Gonect Gy6Gpera

Cnuxka 3. [Tpukas cTpykType MMyHOT/IO-
6ynuua I' u yTunaja pasnuauTux naTo-
GM3MONMOIWKNX CTakha Ha cacTas
[JIMKaHCKUX CTPYKTypa. Fab-peruon
KOju Besyje aHTUTeH; Fc-KOHCTaHTHM
pernoH. #0CUM y ayTOUMYHCKO] XeMO-
MUTUYKOj aHEeMMjU; *OCUM KOJ TUPOUT-
HOT KaHIepa U MYITUIUIMX MUjeIOMa;
**0cuM KOJ, BUCLIepa/iHe JIajIIMaHno3e 1
XVIB undexunmje; ***ocum Kop KaHIlepa
jajHuKka u gebenor upesa; ****ocum Kop
OCTE€0AapTPUTHUCA, AYTOUMYHCKE XEMO-
MUTUYKE AaHEMMje ¥ BaCKy/IUTHCA TI0Be-

JujaGerec Tam 2

HHubaamaTopHe GONECTH H CTarba
AnoumyHCKe 60NecTr

Hupexrusue Gomec
MynTHIUTH MHjeoM

$ Crapeme

sk

Tanakro3emuja
XunepreHsuja

)

317100

JIAKH JIaHaI[

Fab Fc

B N-anerun-riykosamun (GIeNAc) v ®ykosa (Fuc) e Manosa (Man)

o Tanaxrosa (Gal)

Ielasa fia Cy jefHa win aBe nopkace (Hajuenthe IgG2 n/
w IgG4) Mame 3acTyIUbeHe Hero MTo 611 Tpebasio, To
MOXKe JJoBecTH Jio nopemehaja y MIMyHCKOM OATOBOPY Ha
oppebene marorene, kao LITO Cy MHKAICY/IMpaHe 6aKTe-
pyje [17].

Ucnnryjyhu rimkosunosame Fc pernona nopxmaca
IgGa, 2 1 4, HM3aK CTelleH Ta/llaKTO3U/I0Baba U CUjasIu-
HI30Bamba, Kao M BYUCOK CTelleH (PYKO3UIOBamba je3rpa,
HOBE3aH je Ca HelIOBO/BHIM MeTa0OINMYKIM CTaTyCOM
(moBehaHOM MHGIAMAaIVjOM, HICKOM KOHLIEHTpalijoM
XIIJI xonecreposa 1 BUCOKOM KOHLIEHTPaLjOM TPULIN-
nepupa). Crenen xopenanyje je sehn xon IgG1 u IgG4,
IOk je Mamwu Kox IgG2, unMe je motephen notennujan
HpMMeHe I/MKo3sunoBama IgG kao 61omMapkepa nnda-
Marjyje 1 MeTabo/I4Kor craryca [21].

JeTekiuja 1 aHa/M3a ITIMKAHA OJ[j€THAKO Cy KOM-
IIZIEKCHY TIPOIIECH, KOMMKO U BbyxoBa cuHTe3a. Ha crmmm

3aHOT Ca aHTUTENMMA Ha aHTUTeHe
nurorasme Heytpodun. Ilpeyseto n3
(18] n mpumarobheno.

AyroumyHcke Gonectu *
XenaTouemnynapHi KapLHHOM

TCIIKHW JIaHaI]

@ Asn297

¢ N-auerwiHeypaMuHCKa KUCEIMHA/ CHjanuHcka Kucennna (Sia)

4 IIpYIKa3aH je Ipodu1 YKymHUX N-IIMKaHa IPYUCY THAX
Ha IgG, xoju je ompehen MeTopoM TeuHe xpomaTorpaduje
XupApoMIHNX VHTepaKLija y KOMOMHAIM)I ca TeYHOM
xpoMarorpaujoM yITpaBUCOKMX neppopMaHcy (eHr.
hydrophilic interaction liquid chromatography-ultra
performance liquid chromatography, ckpaheno HILIC-
UPLC).

IgG je n O-rIMKO3MIOBaH y 3I7I00HOM JIey ILTO je
HapounTo uspaxxeHo Kop 1gG3, unju je 3sr100HM [0
Haju3fy>XeHVj! y OfHOCY Ha ocTaje mopknace [23]. O
OBOM TUITY I7IMKO3W/IOBamba 6uhe peun y cnenehem npu-
Mepy, 0 GpuOpuHOTeHy, MMajyhu y BUAY Aa je y IUTakby UC-
Ty TII O-T/IMKaHa.

ITPIMEP 2

DubpuHOreH je IpoTeNH KpBHE IVIa3Me U jefiaH je off
IJIaBHUX (akTopa Koarynanyje. IberoBa KoHIeHTpanyja

Ta6ena 1. Omnke mogknaca umyHorno6ynuna I'. *sagucu o arornna (MHTepUHAMBUAYaTHE WIN pasinke Mehy
eTHUYKIM TPYIIaMa); "HAKOH IOHOB/bEHeE I3T0)KEHOCTH MPOTENHCKIM aHTHTeHnMa (Hajuenthe aneprennma).

ITpeysero us [17] u mpunaroheno.

Kapakrepucruke pa3anuutux noakiaaca IgG [ IeG1 [ I1eG2 [ 1eG3 [ IeG4
Mounekyncka maca (kDa) 146 146 170 146
3acTyIsbeHOCT y cepyMy onpaciux (g/1) 6,98 3,8 0,51 0,56
PenatuBHa 3actymsseHocT (%) 60 32 4 4
[Tony>xuBoT (nana) 21 21 7212 21
OaroBop aHTUTEIA HA

[IpoTtenne ++ +/- ++ 440
[Monucaxapume + +++ +/- +/-
Aneprene + ) ) +
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Cmuka 4. IIpodun ykymunux N-rimkana mpucy-
THUX Ha uMyHOT0OyNHYy I'. PB- peTeHimono
Bpeme. IIpeysero u3 [22] n mpurarobheHo.

Tlugk : 2 3 4

! 1 ! | ! I ! I ! [ 1 I
PB (Mun) 8.0 10.0 12.0 14.0 16.0 18.0

ce kpehe y paciony 2,0-4,5 g/1. To je xoMopyMep Koju ce
cacroju of aBa Aa, Ba B u gBa y manna. [Tosuaro je ga
cy N-rmkany npycytau Ha B u y naHiy, Ha onoxxaju-
Ma Asn394 1 Asny8, DOK Cy TeK HOBMja UCIUTHBAIbA yKa-
3aj1a Ha Moryhe npucycrBo N-I/kaHa 1 Ha Ad JIaHILy, Ha
nosuuyju Asn686 [24]. N-rmkann ¢pubpunorena cy 6u-
aHTEeHAPHI, Ca jelTHOM JwIM fiBe Sia (MM HecHjaHI30Ba-
Hu), ca Fuc BesaHOM 3a O1iaHTEHAPHO je3rpo M ca yMeT-
HyTUM GIcNAC, 1ITO MX YMHY CIMYHYM I/IKaHKMa Koje
Hocu IgG. Ilpucyctso Sia Ha N-rmkanuma ¢pudpuHore-
Ha BaKaH je hakTop y popmuparmy pubdpuHa [25]. Crenen
CUjanuHN30Baba GMOPUHOTeHa MOXKe YTULIATY Ha Hero-
BY PacTBOP/bMBOCT, MIMAaT! BaXKHY Y/IOTY Y ITPOIIeCy Koa-
Ty/anyje ¥ JOIIPUHETY CTBAPAIbY Pas3IMIUTUX CTPYKTYpa
B/akaHa pudpuHa. [la je N-rmkosmwiosame GpubprHore-
Ha 3Ha4ajaH IIPOIIec, FOBOPM I MOAATAK fAa ce KOof, Acaxm
¢$ubpuHOreHa jap/ba MyTalja Ha Y JIaHILy, KOja YBOIM HO-
IaTHO MeCTO I/IMKO3WIOBaba Ha OIoXajy Asn3o8 [26].
OBa nnpoMeHa 3a IIOC/IeAMITY IMa U3y3€THO JYTO BpeMe
Koaryjanuje, Ha OCHOBY 4Yera je 3aK/by4eHO Jja JOlaTHO
MECTO ITIMKO3M/IOBatba OMeTa IIPOoIiec MOAMMepu3anyje
¢dubprHa [26].

ITopen npucyctBa N-rrkana, Mo3Hato je aa je du-
6puHoreH 1 O-IMKO3WIOBaH; 8 MecTa ce HaTasy Ha Aq, a
jenHo Ha B manny [24]. [Tpema Hexknm mopanmma, Ao ma-
Hall cafip>X11 MOJKfIa 4aK 45, OfIHOCHO, 68 MecTa O-T/MKo-
3W/I0Bamba, oK B 11 y uMajy 1o jemHo mm, mak, no YeTupu
(BP), omHoCHO, cemam MecTa (y) [27]. PasHomkoct nopa-
TaKa Moyke OMTY TIOC/IeIVIIA HAYVHA aHA/IN3e Y30PKa, Kao
¥ HauyHa JieTeKLije MCIUTUBAHMX CTPYKTypa. O-I/mKa-
Hy1 pubpuHOreHa cnanajy y O-rnukane T 1, Takobe mo-
3HaT 1 Kao T-aHTureH, KOju MOTY OMTH U CUja/IVHU30BAHM
(cnuka 5). I[TpunykoM aHam3e GpuOpUHOTEHa 30paBUX 1

64 Xemujcku tipeineg

Z(;.O 22.0 Z4|.0
ocoba ca 0b0/berIMa jeTpe (XemaToLenyTapHiuM KapLiu-
HOMOM W/ [IVIPO30M), YKa3aHO je Ha Be3y nsMeby oBux
cTpyKTypa 1 oborbemsa jerpe [28]. IlpucycrBo O-rvkana
Ha Adl JIaHITy ce cMalbyje KO, IIMPOo3e, IOK ce CTeIleH cuja-
nuHM30Bamwa 1 GpykosunoBama N-1mkaHa B u y mogje-
myamIa mosehasa kop 06e oMeHyTe 607mecTIL.

[Topen rnnko3nnoBama, GUOPMHOTEH HOAIEXeE I
¢docopuoBaisy, Te je OH IpUMep POTeNHa KOf, Kora ce
Moxke Hahw Buiite pasmrantyix Mopudukanyja. [Tosnaro
je ma je Aa nopjenuunia GpochoprioBaHa Ha HEKOIVKO
MECTa, Of KOjyX Cy JOMMHAHTHM IOJIOXKaju Ser3 1 Ser34s.
AHanm3oM pefyKoBaHIX NaHal GpuOpUHOTeHa, METOLIOM
TeyHe XpoMaTorpaduje Ha peBep3HO-¢pa3HOj komoHy C8
U, IOTOM, QHAIM30M TOjefMHAYHIX (paK1yja MaceHOM
cnekrpoMeTpujoM (metexumjom ECU-qTO®D), Ha pena-
TUBHO Op3 1 je[fHOCTaBaH HauMH fo0ujeHe cy nHpopMa-
1Mje O CTeIleHy IIMKO3UIoBamwa 1 dpocopuiosarma G-
OpuHOreHa. Y CTaHOB/BEHO je [1a ce Ad TTOfjjeiMHNIIA jaB/ba

Thr/Ser

o Tamakrosa (Gal)

Thr/Ser Thr/Ser

O N-anerwiranakro3amus (GalNAc)

¢ N-anermiHeypaMHHCKa KHCEIMHA/ CHjaJIMHCKa KucenHa (Sia)

Cnuxa 5. [Ipumepn O-TnmkaHa MYIMHCKOT THIIA 1
(T-anTuren).
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Cnm(a 6. MaceHu criekrap nogjeanuuia ¢pubpuHoreHa sjgpasor goHopa. IIpeysero us [28] n mpunarobheHo.

y Tpu u30(hopMe y pelaTUBHOM ORHOCY L:1:1. To cy Hedo-
copunosana, MoHo- 1 udochopunoBana n3odopma.
3acrywseHoct TpudocdopnnioBase n3opopme je n3yset-
Ho Maya [29]. Ha cymiiu 6 je jat mpukas MaceHor CrieKkTpa
cBe Tpu nopjemyHuIe GuOpUHOreHa 3fpaBe 0cobe, Ha KO-
Me ce MOXKe BUJeTy IpucycTBo pocpodopmm Ha Aa n
IvKaHa Ha Aa, BB n y manmmma.

[Ja je n oBa Monudukanyja GprOpUHOreHa BaXkHa, TO-
BOpY IIOJIaTaK fia ce Y ofpel)eHnM MaTo/IonKuM CTamyma
dochopunosamwe Aa nopjesuHMIle Meba - CTENEH
docdopuoBama je cMarmeH Kopj 0coba ca XeraToleny-
JIApHVM KapIITHOMOM, JIOK je yzieo MoHogocdopunioa-
Hux popmu moBehan kop ocoba ca uposom [28].

3AK/bYYAK

Ja ce BpaTiMO Ha oveTak. PasHOBPCHOCT IpoTenHa
He CITy>K1 caMo Jia 61cMo ux pasiukosam. Mopuduxka-
IM1jOM CTPYKType IIPOTeMHA Metbajy Ce BeroBa (pyHKIja
U [IOHAIIIAFb€ Y OPIaHN3MYy. Y OBOM Pafiy je AaT IpyKas ca-
Mo fiBe MopuduKanyje (Hajuerhe 3acTybere), anu wi-
X0B 6poj je 3HaTHO Beh1L. JemaH POTEVH IOIeKe pasiy-
YUTUM BpCTaMa MOAMQUKaLNja, Ha Pa3IMIUTUM MeCTH-
Ma Y JIaHITy, Y3 pasIM4uTy Macy ¥ KOHpOpMaIVjy HOfaT-
Ka, Te je 6poj Moryhux nporenHckmx KOMOMHaNMja U3y-
3eTHO Benmuky. [omTo pasnudnTa narodu3noomKa
CTama JONPIMHOCE ¥ YTUYY Ha IPOTeNHCKe MopyduKa-
IMje, HaCTasIe IIpOMeHe MOTY IIOCTY>KIUTH 1 Kao 6romMap-
KepJ CTIeIMPUYHIX CTarba MM 607eCTIL.

Abstract

ORIGIN OF PROTEIN DIVERSITY - IMPORTANCE
OF PROTEIN MODIFICATIONS

Dragana ROBAJAC, Institute for the Application of
Nuclear Energy (INEP)

Theoretically, protein number should be somewhere
close to the number of their functions in organism. As de
novo protein synthesis is energetically unfavorable, cells
have developed numerous mechanisms to modify proteins.
Modified proteins can have different characteristics and
different functions compared to their unmodified or
differently modified versions. Although different protein
modifications are present, in this paper only two of the
most common are explained - glycosylation and
phosphorylation.
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TPIVIBIMTHA

Kusopag YEKOBU'h

MWIAH P. YCKOKOBIThR
(1924-2015)

Jegan og HajyclieudiiHujux amepuuKux HayuHuxa cpi-
cKkol tiopekna, 6a6U0 ce CUHITe3aMAa CIlePOUGUHUX fe-
Gurberva, gpyiux UpUpogGHUX ipou3eoga u Papmaxonouxu
AKTUBHUX CYUCTIAHYU a HeKe 0g tbelo-
8UX CUHTlle3a Tpumeryjy ce Uy umngyc-
wpujckum pasmepama. Y ceeitiy Hajoomu
io3nasanay, xemuje u SUOTOUKUX aK-
musHociu suitiamuna D.

IIpe HeKOMMKO roAyHA Y 91. TOOVHU
npemunyo je y Tawson-y, Maryland,
CAJl, Munanu P. Yckokosuh, jenan on
BeOMa yCIIEIIHMX aMEPUYKIX HayIHIKA
cprickor nopexia. Haxanocr, Hana Ha-
Y4Ha jaBHOCT, YaK HM MHOTM HaIll Xe-
MIYapy HUTY XeMMjCKY TEXHOTIO3M KOjut
ce 6aBe HAYKOM, CKOPO /i HVICY Yy/I/ HYI-
i1 OUJIO 1ITa 3Hajy 0 mpodecopy Muna-
Hy Yckokosuhy, 3aTo oBze Jxennm, Ko-
JIVKO je y MOMe 3HamY, JATH FeroB K-
BOTOIIVIC 2 HAPOYNTO MPNKA3 HETOBOT
BeoMa 00raTor Hay4qHOT U CTBapalIayKor
TOLPMHOCA y 06/1aCTIMa OpPraHCKe CYH-
Tese, (hapMalieyTCKe XeMuje ¥ CUHTe3e IeKOBUTHUX CYIIC-
TaHILJL

Munan Yckokosuh 6uo je aupexrop VHcTuTyTa 32
VCIIATYBabE IPUPOJHIX IIPOUSBOJA Y XEMIjCKOj KOMITa-
Hyju Hoffmann La Roche y Iby Ilepcnjy, CAJl. O6jaBno
je OKO 300 Hay4HIX PajioBa 13 06/1aCTy OPraHCKe XeMuje,
XeMuje IPUPOIHIMX IIPOU3BOJA 1 (apMalieyTCKe xeMuje,
HOpeT TOTa PErMCTPOBAO 144 ITATEHTA Y 06/1aCTI XeMIjcKe
u papmarieyTcke genarHocty. Eberos cTBapaayku u Ha-
Y4HM OIyC IpeficTaB/beH je y Kyhm craBHux HayyHuKa-
nponanasaya ( Inventors Hall of Fame) y Eby Ilepcujy,
CAJl, 1994. ropune. buo je Bonehn nHayunnk y ob6mactu
(hapMaKOJIOLIKIX MCTPaXKMBaba 1 CYHTe3e BuTaMmuHa D
" BeroBux ananora. OBome tpeba momaru i1a ce Munan
Yckoxkosith 6aBro HayYHIM PajioM Ca jaCHUM LJbeM a
Hay4HO otKpuhe Mopa 6utu puMerseHo. Hy4unu nomnpu-

66 Xemujcku tipeineg

Hoc Munana Yckokopuha yTomko je Behu ako ce 3Ha ia
cBa otkpuha 10 KOjiX je OLIA0 OTITY U3 HeaKaeMCKIX
nmabopartopuja, OTHOCHO U3 XeMIjCKO-(papMalieyTcKe
komnaHnuje. Tome Tpeba gonatu jja ce
6aBIO UCK/BYIMBO EKCIIEPUMEHTATHUM
PajioM jep My je xeMuja 6uia >KMBOTHM
nosus. buo je woMe oncegHyT 1 O1Ia
HEr0Ba Macyja.

Ip. Munan Y ckokosuh pobeH je y
Beorpazy 1924. ropyHe r1e ce 1 IIKO7Io-
Bao. 3a BpeMe JIpyror cBeTCcKor paTa
Y4eCTBOBAO je ¥ 0CTIoO0mMIadKM 60p-
6aMa 1 ofgMax 1o ocnobobemwy semspe
ynucao ce Ha Texnonomxu opcex Tex-
HIYKe Be/uKe IKone. TokoM crynuja
YTI03Hao je Konermauny Hany ca xojom
ce kacHuje u oxxenuo. Cryauje xe-
MUjCKE TEXHOJIOTHjE Ha Y HUBEP3UTETY
y beorpany saBpmmo je 1951. rogyHe 1
3aTVM je pajifio Y HEeKOIMKO MambuX
KOMIIaHNja Koje ¢y puHaHcupaie Yje-
IumeHe Hanyje. Y gapmareyTcky nHAycTpujy Ilnusa y
3arpeby npesnasu ca cynpyrom Hagom 1955. ropyse. He-
MMPHOT JIyXa, pajj03Hao0, aMOMIIM03aH, KOHKYPICAO je
1956. ropuHe 3a ctuneHaujy Ha Clark University,
Worcester, Massachusetts, CAJI 3a jokTopcke cTyamje us
06/1acTy XeMMjcKux Hayka. 3axBasbyjyhu perry6mmkaHc-
KOM ceHaTopy 13 Macauycetca (Leverett Saltonstall) zo-
6110 je aMepUUKy aKafeMCKy CTUIICHAN]Y 1 JO3BITy fia Ha-
ctaBu fokTopcke cryguje y CAJl, 3ajenHo ca cympyrom
Hapnom. [TokTOpCKy Te3y 13 06/macTyt CTepoujiHe XeMuje
OfI0paHMO je Ha UCTOM YHUBEP3UTETY, 1960. TOIVHE, KOT
mpodecopa Rulph Dorfman-a. ITocne 3aBpiuerka mok-
TOPCKMUX CTyAMja J00MBa I0CA0 ¥ XEMUjCKMM s1aboparo-
pujama kommanuje Hoffmann La Roche, npecersasa ce y
Upper Montaclair y by Ilepcu rae ocraje o Kpaja >xuBo-
Ta.



Mapa je Muan Y ckokosuh pajno y maboparopuja-
Ma xeMujcko-apmaneyTcke komnanuje Hoffmann La
Roche mpexo 50 ropuHa, 6aBuo ce pyHAaMeHTaTHIM Ha-
YYHUM UCTPaXXMBambUMa Koja Cy 611a Off MHTepeca 3a
Kommnanujy anu Hukaza Hije »eeo TaKBe YCIOBe HaIlyc-
TUTU 1 6aBYU Ce HayYHVM UCTPaXX/BambJIMa Y HEKOj aKa-
TeMCKOj VIM YHUBEP3UTETCKOj MHCTUTYL)I @ 32 TO je
mMao 6e36poj mprImKa.

IOp Munan Yckokosuh ce cmatpao Bogehum Hayy-
HJIKOM Y CHHTe3V BUTaMyHa D, IeroBIX iepuBata I mbe-
roByx Metabosra. OH je perucTpoBao 66 IaTeHaTa 13
o6macTy opraHcke u apMarey TCKe XeMije IOJ, leTOBYM
uMmeHoM a y komnanuju Hoffmann La Roche ca capap-
HMVIVIMA je PeTVICTPOBAO0 YKYIIHO 144 NIaTeHTa y 00/1acTu
cuHTe3e (papMalieyTCKI 3HAYajHYIX jelMbelba I IYIXOBYX
¢dapmakonomkux npumena. [Topey tora Yckokosuh je
06jaB1O 294 HayYHA pafia y HajeMUHEHTHUjIM CBETCKUM
XeMIjCKMM Hay4HUM dacomycyma. bes 063upa 1mto Huje
Paamo y aKafieMCKIM Hay4YHMM MHCTUTYIMjaMa OH je Kao
BeOMa yCIIellIaH Y ICTAaKHYTY Hay4HK OMpaH y caBeTe I
ypebusauke ofbope HajyrIenHMjIX HAYYHNUX YaCOIMCA
Kao 1wto cy Journal of the American Chemical Society,
Journal of the Organic Chemistry, Journal of the Biological
Chemistry, Journal of the Steroid Biochemistry, Journal of
Medicinal Chemistry, Cancer Research, International
Journal of Molecular Sciences and Molecular Biology vi npy-
rux yacomyca. buo je oko 20 roguHa WwiaH ypehusaukor
caBeTa jefjHe Of] HajBXXHMjUX CEPUjCKMX U3Jama Y 00-
nacty opraicke xemuje Organic Reactions xoja je mo cana
my6/mKoBaHa y 95 BomyMeHa. Kao aytop 6pojHux nareHa-
Ta y 0671aCTV OpraHcKe xemyje 1 (papMariuje Koju ce mpu-
MeBYjy Y XeMUjcKoj 1 ¢papMaleyTCcKoj MHAYCTPUju
u3alpaH je 3a WiaHa yApy>Kera HayIHUKa-MCTPaKUBada
Iby Ilepcuja mosuator kao ,,Thomas Edison® ca xojum ce
noHocro. IberoBa BpxyHcka Hay4uHa joctursyha y 06-
nactu hapMaleyTCKe XeMuje ¥ OpraHCKe CHHTe3e Ipefi-
CTaBJ/beHa €y Y [IoMy CIaBHUX Hay4HMKa-IIPOHa/Ia3a4a
(Hall of Fame) 1994. ronuse y by Ilepcujy. Buo je gyroro-
IVIIBY JYPEKTOP HAYYHO-MCTPaKMBAYKOT MHCTUTYTA
3a mpupogpHe nponssoze kommanyje Hoffmann La Roche.
ITopen ocranux mpusHama usabpat je u 3a wiaHa New
York Academy of Sciences 3aTiM 3a oacHor mpogecopa
University of California. Bucoxo pecnexryjyhu nayuna
orkpuha Munana Y ckokosuha orkpuhy u criHTe3aMa Ho-
BUIX JIEKOBUTHX cyrcTaHiy Jlaboparopuja Meguiutcke
1ikorte Brown University u 6onHuIja 3a >xeHe u fiery ap-
xaBe Popie Ajnany (CAJT) mocsehene cy weMy y gact u
ECTOBJM Hay4IHIM VICTPaK/Barba.

Ha nouerky cBoje kapujepe y Hoffmann La Roche
6aByo ce CHHTe3aMa PaAMOAKTUBHIIX CTEPOMAHIX MOJIe-
Kyna. VIsBpiumo je cuHTe3e Beher 6poja pagmoakTUBHMX
CTepOMTHIX MOJIEKY/Ia (Ca MapKMpPaHIM U30TOIIOM YI/be-
HJKa) Kao IUTO Cy AeXUPOeNaHApocTepoH-4-C'4, 3--
XUPOKCH-5-TIPETHEH-20-0H-4-C'4, ecTpagmon-4-
C'#17-auerar u pyrux.'

buoruH je ecenunmjanuu ButamuH (H), Hamasu ce y
MaJIVIM KO/IMYMHAMa Y CBaKOj >KuBOj hemuju jep ydecTsyje
Y GM3MOMOLIKIM IIpoliecMa 6MOCHHTe3e MaCHX KVCIIN-
Ha I1a je HeOIXOJlaH y peakKIijaMa Kapookcuaija y ¢pu-

3uooIKuM ycnoBuma. [TosHar je kao dakTop pacta, jep
je OUTaH Iy CHHTE3M IPOTEMHA U IO/IMIIENTIA. BroTnH
je Maym MOJIEKYTT KOjU MMa 3aHUM/bUBY CTPYKTYPY Ca TpU
CycefHa CTepeoreHa LIEHTPa, MOJIEKYJT y KOMe je Kapba-
MUJ Be3aH 3a TeTPaXUAPOTUOPEHCKN IPCTeH. 3a
Hoffmann La Roche u ¢papmaneyTcky napycrpujy xo-
MepLjalHO Ba>KaH MOJIEKY/I I1a je CTora 010 BeJIMIKY Ha-
y4HM 13a30B 3a MutaHa Y ckokoBuha fia, mopep, HeKomu-
KO Ioctojehnx cuHTe3a OBOT BUTaMIHA, TPAKY jOLI HEKM
CUHTETMYKY IIyT Koju 61 610 jedTrHMjU U 32 MHHEYC-
TPUjCKY IPOVM3BOJIGY IPUXBAT/BUMBUjY OCTYIAK. >3 OH
Ce OIIPENe/NO 3a PEIATUBHO jepTIHE 1 IPYUCTYIIavHe I10-
Jla3He IIPOM3BOJE Kao IITO Cy 5-XeKCMHOMI-XIOpUA, 1 L-
nuctyH. CycTeMaTYHa PeTPOCHHTETIYA aHA/TI3a MOJIe-
Ky/a GMOTVHA U FeTOBe CTePeOXeMIje Kao 1 IeroBO Be-
JIMKO CMHTETUYKO MCKYCTBO 11 BeOMa JJ0OPO MO3HaBambe
CUHTETMYKMX PeaKIiyja HaBe/u Cy Ta Jia Tpacupa Hajere-
TaHTHM)Y U HajjeQTUHUjy CUHTe3y OBOT (papMarieycKu
Ba)KHOT IIPOM3BOJia IIpefCTaB/beHy cnefehoM cxeMoM y
K0joj je K/byuHa (pasa 3+2 HUKIOaAMIMja KOjJOM Ce yC-
MIOCTaB/ba KOPEKTHA CTepeoXeMija XMPATHMX LieHTapa Ha
TeTpaxuApoTHOpeHcKoM ImpcreHy. Iloceban 3Hauaj oBe
CHMHTE3€ je IIITO Ce OHA jOII YBEK Peann3yje y MHEyCTpujC-
KuM pasMepama. ITopeq cuHTese 610THHA U3BPLINO je
CHHTe3e jolI OpOjHNX [iepyBaTa TeTPaXUApOTHOQeHa 1
[POY4YaBao WIXOBe OMOoIIKe 11 (PapMaKOTIOLIKE aKTUB-
HOCTIL.

JIpyro 3Ha4ajHO CMHTETMYKO OCTBapeme Munana
Yckokosuha xoje Hoffmann La Roche npumemyje y
CBOjUM VHIYCTPUjCKIM IIOTOHVIMA je CUHTe3a (-)-XMHMHA.
Jomr y 17. BeKy VIHKa Hapopy Cy 3Ha/IM la €KCTPAKT KOpe
ApBeTa 3BaHOT ,,quina“ iedy Heke TPO3HUIIE U pyTe
omacHe ,,007eITHHE ", KACHNje II03HATe Ka0 Maapuja of
KOjeé je, TOKOM VICTOPYj€, YMIPA/IO BUILIE MV/IVIOHA JbYJIN.
Henocrarak excTpakra of oBe O1bKe 1 TelIKOha OKO Hbe-
TOBOT ¥I30/I0Baba, IIOACTAKAO je OpojHe XeMudape TOKOM
19. a 1 20. BeKa fla IOTPake CMHTETHYKE ITyTeBe 32 JO-
Oujarbe IIaBHOT IIPVHIVIIIA OBOT €KCTPAKTa MOJIEKYJIa XI-
HMHa (KVHYHA). XyMaHM MOTUBIY ¥ KOMEPLIMja/THY pas/io-
3u MOTUBUCAIH Cy 1 Hay4unuke 13 Hoffmann La Roche u
Mmunana YckokoBruha kao pykoBoAyoLa CUHTETUYKIX
IIPOjeKaTa y OBOj KOMIIAHNjU Jla OTPAXKE EKOHOMIYHI)I
CHHTETUYKI Iy T 3 0OMjarbe BKHOT JIeKa IIPOTUB MaJia-
puje xuHuHA. Y ckokoBuheBa CHTe3a XMHIHA 3aCHUBA/IA
Ce Ha je[fHOCTaBHMjeM HOCTYIIKY 3a JOOMjarbe JeOKCVXM-
HJHA Ka0 BaYKHOT CMHTETUYKOT MHTEPMe/Mjepa aii Ha-
POYNTO Ha peaKLyjyi 3a yBODere XUAPOKCU/IHE IPyIie Ha
3acuheHN YIJbeHUKOB aTOMa KOjy je JOOpo mpoy4aBao u
IIPMMEHMO Ha HEKMM JIPYTUM MOJEN-jequberbuMa. Xu-
TPOKCUIIALVja IHTePMEMjePHOT TeOKCHXMHIHA 3aCHU-
Ba/la Ce Ha peaKLyj|i MHTepMejepHOT KapOaHjoHa ca K-
CeOHNKOM Y auMeTwiIcyndokcuny. Ilpu yemy ce fobuBa
(-)-xuHUH Kao cMeca AuacTepeoMepa 14 : 1 y IIPUHOCY Off
32%, (ca BUILKOM aKTMBHMjeT A1acTepeoMepa XMHIHA)
IITO jOII YBEK IPENCTaB/ba HajeKOHOMUYHN]Y CUHTE3Y
xuHuHa. >

ToxoM cBoje BeOMa yCIIellIHe U [yTOTpajHe HayuyHe
kapujepe JIp Munan ¥Yckokosuh /a0 je CymrHcKy 6u-
TaH JOIPYMHOC CHTe3aMa, IPYMeHaMa 1 Pa3BOjy aHa/iora
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BuTamisa D.%7 VsBpimo je cuHTe3€ OpOjHMX epuBaTa,
peann3oBao je b1xoBa papMaKo/IOIIKa UCIIUTUBAKbA U
KIVHIYKe IpyMeHe capabyjyhm ca ucrpaxuBadnma -
poM cBeTa. Y CBOjUM CHHTe3aMa JiepuBaTa I aHajIoTa BI-
ramyHa D npumemnsao je Horner-Wittig-oBy peakuujy
Kao K/bY4HY (hasy y KOHCTPYKIIVj! BUTAMIHCKOT CKe/IeTa
(xamumdepona n kamuTpuona). Hapounro cy sHauaju
erose CuHTe3e Qyopo fepusara Kaniudepona Koju
Hocenyjy aHTupaxuTiiHe akTuBHOCTH. [Toper Tora mpo-
HAIIIAO0 je /ja HeKY XeKcadyIyopo-19-HOp-iepuBaTH BUTA-
muHa D, nnxubupajy nponmudepanujy hemja kannepa
npocrate.”® 3aTM je IPOHALIA0 U CUHTETU30BAO AHATIO-
re BuTamMuHa D, Koju [I0Ka3yjy BIUCOKY UXUOUIV)Y TIPO-
mudepanyje kanreporenux hemyja gojke.'® IIpoHamao je
[a HeKM aHaIo3¥ BUTaMyHa D, cy BeoMa aKTMBHU U Y
TpeTuparby AnjabeTnyHNX 060/berba. ! CUHTETH30BA0 je
HEKOJIMKO CTOTMHA MOAM(UKOBAHVX U HOBUX JiepyBaTa
BuTaMuHa D, 1 MCnuTiBao wiuxose GpapMakomomke aK-
TUBHOCTH, 00jaBJIO MHOTe Hay4He PajioBe 1 PErYiCTPOBAO
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OpojHe natente y obmactu Butamuta D, Te cy ra 300r TO-
ra y CBeTy CMaTpa/i HajyCHeIHWj)M CMHTeTUIapeM U
HajOOJBMIM ITO3HABAOIIEM XeMuje ¥ papMaKoIoryje BUTa-
muHa D, (cxema 3).

IIupox je 6m0 HayIHY V1 CHHTETHYKY OITyCc MumaHa
Yckokosuha. [Topen iweroBux cuHTesa 6MOTHHA, XMHIHA
¥ HeKVX fiepyBara ButamnHa D, koje cy mpuxasane y
MHOTUM KHbUraMa, yibeHnnnuma u Monorpadpujama 6a-
BUO Ce CYIHTe3aMa 11 y PYTUM 00/1acTIMa XeMuje IIPUPOT-
HVIX ITPOM3BOfA Off 3Hauaja 3a papMalieyTCKy UHEYCTPUjy
Kao ILTO Cy aMMHO-Iehepy Koju OKa3yjy aHTUTYMOpHe
aKTMBHOCTH, 3aTUM OPOjHE TeTpaxuapOTUOPEHCKe iepy-
BaTe. VISBpIINO je acuMeTPUYHY CUHTE3Y a/IKaIONfa JI0-
FaHVHA Kao Y CUHTE3Y aJIKa/ION A IVHXOHMHA.

Pecniextyjyhu Benuku HayIHM JOIPYHOC UCTPAKI-
Bamb/Ma OPOjHIX IIPUPOIHMX IPOM3BOJA ¥ HOBMX (ap-
MaKOJIOHIKMX 3Ha4ajHMUX mIpousBofa Munana Y ckoko-
Biha ypebuBauku of6opu Bullle HayIHNX YaCOIINCA, TI0-
BOJIOM HETOBE CMPTH, IIOCBETIIN Cy NIceOHa U3ama y
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KOj/Ma je IPefiCTaB/beH HheroB HaydHM OIIyC, Ororpadckn
u 6ubmorpagcku mogany. Tako je moBogoM cMptu Mu-
naHa Y ckokosuha Hayuuu yacnuc International Journal of
Molecular Sciences OCBeTHO je jefHY CBECKY HbeMY Y 4acT
Ca TEMOM ,,Y710ra BUTaMyHa D y Tepanujy KaHIlepOreHmx
o6opera“, HaydHoj 00/1acT KOjoj je ao Hajsehu nompu-
Hoc. [lok je cBercku wactuc ChemicaleEngeenering News
7120 IPMKa3 HberOBOT HayYHOT CTBAPA/IAIITBA Kao 1 6110-
rpacdcke u bubmorpadcke mopaTke IOBOLOM CMPTH Ha-
YYHJIKa HallleT OPeKIIa.

3aHMM/BMBO je 1a Munan YckokoBuh kao BeoMa yc-
TIIeNIaH HayYHMK YYECTBOBAO HA Pa3HMM Hay4IHM CKYIIO-
BMMa 1 MaHudecTalujaMa IpoM cBeta a u y EBponu
/1 HYUKaJIa HIje oceTHo OeorpapcKe XxeMudape Hi LIKO-
JIy U3 KOj€ je IIOTEKA0 HUTY OfPYKa0 IPENABAE O CBOjUM
3HAYajHUM HaydHUM pesynTtatuma. C pyre CTpaHe HI
6eorpajicKy XeMy9apy HUTY XeMUjCKI MHKEeEbepy HIKa-
Ia Hycy nosuBamm Ap Munana YckokoBuha Ha Hekn O
Hay4YHUX CKYIIOBA ¥ KOHIPeca KOji Cy ce y IPOTEKIOM
BpeMeHy ofipkaBamu y beorpany, a 6uio je nmpuimka u
pasjiora 3a To, IMao je ITa Jja HaM CAOIILITI.

Mapa je Hajsehu fieo >KMBOTa IIPOBEO Y MHOCTPAH-
CTBY CTaJTHO je MICTUIIA0 CBOjy HAIIMOHANHY MPUIIAFHOCT U
nocBehyBao BeNMVKy MaXKby CPIICKOj UCTOPU)H, TPaa-
LVju ¥ KyITYPU, Y CBOjOj IIOPOAMIIM HETOBAO je Tpajiui-
LJIOHAJIHE HallMOHa/IHe 0bu4aje 11 obenexja, 4ak je mpo-
M3BOAMO U CPICKY IUbMBOBMIY. HaskamocT Huje mMao
MHOTO Be3a Ca CPIICKVIM XeMIJapyIMa, BEpOBATHO Kao pe-
3y/ITaT HBErOBOT eMUTPAHTCKOT CTAaTyca y IOC/IepaTHOM
KOMYHMCTIYKOM IIePHOJY KaJja je IPEKMHYO CBe Be3e C
CBOjUM KOJIETaMa ¥ IIpyjaTe/buMa M Ca MaTUIOM Y Lie/u-
H11. Ho Ha)ka/ocT Hu CPIICKY XeMudapyt HIUCY TI0KasyBa-
T BETIVIKO MIHTEPECOBalbe 3a IheT0Ba 3a11CTa BPXYHCKaA Ha-
y4Ha jocTirHyha HUTY Cy Ta HO3MBa/IN fa TIOCETY HAy4He
uncTutynyje y beorpany.

Meoru op, Hac oBfie y Cpbuju kopucre papmarneyT-
CKe IIpeTrapaTe Koju cafipyke HeKe Off lepMBaTa BUTaMIHA
D,, Burammna H (61otina) i HEKUX IPyTUX aKTUBHIX
X€MUjCKMX KOMIIOHEHATA y JIEKOBYMMA KOjé je CMHTETU30-
Bao MuaH Y ckokouh.

Munan YckokoBuh, ydecHUK paTa, CPICKY €M -
TPaHT, CBETCKY IIPY3HAT ¥ TO3HAT HAY4YHMK y 06/1acTMa
OpraHcKe CyHTe3e 1 (hapMalieyTCKe XeMuje MMAo je ma-
cujy Koja ce 3Baa xemuja. JKviBeo je 3a xeMujy 1 KuBeo je

OH

HO'" OH

24R-Diyopokanuudeporn
Cxema 3

on xemuje. JKuBeo je 3a xeM1ujy jep je CBY CBOjy yXOBHY
cHary 11 QU3MYKY eHepIujy HOCBEeTUO OTKPMBaby HOBUX
MeMKaMeHaTa I IEKOBUTHUX jefiMiibeba Koja he ucierpu-
Baty 60jIecHNKe IpoM cBeTa. OpuIa0 ce MHOTVX 00-
VYHVX JbYACKUX 3a[J0BO/BCTaBa Jja OU ILIITO BYILE Y>KIBAO
y cBOM HajBeheM 3a[JOBO/BCTBY, Y HayLlY, Y CUHTe3aMa Ou-
OTMHA, XMHMHA, BUTaMMHA D 11 joIr MHOTHX IpyTux 3Ha-
YajHMX MOJIEKY/Ia. 3a 3/ipaB/be 1 JOOPOOUT /by HIIPOM
cBera YcKoKoBMh je XxeMuju 1 CHHTe3aMa papMaKoJIOLI-
KV KOPMCHYIX jeTIMIb€ba IIPAKTIYHO je IIOCBETHO 11€0 JKI-
BOT.

Vimajyhu yBypa y HayqHO CTBapajIalliTBO U Hay4He
momete Munana P. Yckokosuha koje je ocrBapuo 6aehn
Ce Hay4HMM JICTPKVMBAabVMa y HeaKaJleMCKVIM HayJHIM
MHCTUTYILMjaMa, OFHOCHO Y jeIHO]j Off HajBehnx cBeTcKmx
Kopropanuja y obmacty xemujcke u papMarieyTcKe uH-
IyCTpuje, KOje Hije IIO3HATO IMPOj, I1a HY HAY4HOj, jaB-
HocTu 'y Cpbuju, 5Kermeo caM OBUM KPAaTKUM IPYKA30M,
Makap U HOCTXYMHO, [la CKPOMHO 1 HEIIOTITYHO YKaXKeM
Ha IberoB OTPOMaH Hay4YHM OITYC ¥ Be/IMKa Hay4Ha JI0-
turnyha, Hagajyhu ce na hy oBum nopcrahu miahe xemu-
4yape ¥ XeMIjCKe MHXXEepe Jla eTa/bHIje YIIO3Hajy U
IpefiCTaBe OBOT HEMPABENHO M3OMIITEHOT BE/TMKaHa CPII-
CKE XEeMITjCKe HayKe.

AyTop ce 3axBasbyje akafleMuKy Benumupy Ilomnca-
BuHy ca [lemaprmana 3a xemujy YHuBepsurera y Hosom
Capy n pocpecopy Becermuy Macraxy ca Xemujckor ¢a-
KynTeTa YHMBepsuTeTa y beorpay, Ha m1xoBoj momohnu
y IPUKYIUBatby O1Omorpadckix moparaka (HayIHuX pa-
noBa 1 nmaTedara) Munana P. Yckokosuha.

Abstract
Zivorad CEKOVIC

Milan R. Uskokovi¢ born in Belgrade (1924), he was a
member of the resistence during World War II. After the
war he studied at Polytechnical University in Belgrade and
got diploma of chemical engeenering (1951). He made his
Ph.D. in organic chemistry at Clark University, USA.
Uskokovi¢ got a position in laboratoryes at Hoffmann La
Roche and stay there next 45 years. Uskokovi¢ is considered
a leading researcher in Vitamin D synthesis because of his
substancial contributions to the developments of vitamin D
analogs, studying its clinical applications and generously
collaborating with researchers around the worlds. He
published 294 of scientific papers and has 144 patents from
the farmaceutical chemistry ang because of these important
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achievments he was inducted into the New Jersey Inventors
Hall of Fame (1994). He was the Director of Natural
Products Research at Hoffmann La Roche. Among his
acomplishments he was on the advisory or editorial boards
of six professional journals, a member of New York
Akademy of Sciences and a Regents Professor at the
University of California, USA. Laboratory at the Brown
University, School of Medicine, Women and Infants
Hospital of Rhode Islands was dedicated in honor of his
research mentorship. He died on May 2015.
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BECTM us IIIKOJIE
BECTM 3a IIIKOJIE

Y iniexciniy je ipuxasan cuenapuo uaca odpage ipagu-
60 0 OUUITAUM CBOJCITIBUMA TIPeNIA3HUX Melllana, u3eegeH y
gpyioj ioguHu cpegroe wiKorne.

HacraBna tema: Enementn d-6moka
HacraBna jemanma: Oniira cBojcTBa IpelasHuX

MeTana
Paspen; [Ipyru paspeq rMMHa3uje OIIITET Y IPUPOJ-

HO-MaTeMaTIYKOT cMepa
Tum gaca: o6payia HOBOT rpajivBa
ITnwweBn yaca:

1. Yuenuuu ymopebyjy dusimuka 1 xemmjcka CBOjCTBa
efneMeHaTa d-6710Ka 1 efleMeHaTa s-6710Ka 1 00jalliiba-
Bajy pas/mke u3Mely mrx.

2. YYeHuIM HaBOJIe K/Iace HEOPTAHCKIX jeMIberba Koje
rpaje eleMeHTH d-07I0Ka, BIXOBe IPeICTaBHUKE U
IbJIXOBa CBOjCTBA.

3. YueHuIM IOBe3yjy CBOjCTBa eleMeHara d-O1oka ca
IBIIXOBOM YIIOTpeOOM Y CBaKOJHEBHOM XKIBOTY.

4. YdYeHUIM VIMEHYjy KOMIUIEKCHA jeUI-EIba, HABOTE
Ofl yera ce cacToje u fedMHULIY IOjMOBE:
yHyTpalima cdepa, criosbalimba cepa, LieHTparTHn
METAJIHY jOH, JIMTaHJ, ¥l KOOPIVHALIMIOHN 6poj .
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Hymuia TIA3APEBIIR, cryment cryaujckor mporpama HACTABA XEMMUJE, Yunusep3sn-
ter y beorpagy - Xemujcku ¢akynrer, nho82014@student.chem.bg.ac.rs

CIHHEHAPHO YACA: IIPEJTASHU METAJIN

TOK YACA:

Kopak 1: Yuennuu oTKpuBajy Haclnos IeKnuje
penraBajyhu ykpmrennuy (15 MuHyTa)

HacTaBHUK flaje ydeHUIIMA YIIyTCTBA 33 pelllaBambe
ykpiuutenne (npuor 1). Bpeme npensubeno 3a pera-
Balbe je 10 MIHYTA, a 32 IIpPOBepaBalbe OfITOBOPA M AMCKY-
cujy 5 MyHYTa. Pertierse yKpIluTeHuIie IpecTaB/ba HaClIoB
JIeKIIMje KOjy y9eHMIM VLT Ha Kpajy pafHor mcTa. Ha-
CTaBHMK 00M/Ia3y y4eHMKe y TOKY paja ¥ IoMaXke UM
YKOJIVKO je TO IIOTpeOHO.

Kopak 2: Yuenunu untajy cagp:xaj neKkiuje u
IpOHajIa3e OroOBOpe Ha MOCTAaB/beHa MUTamba y
TEKCTy (20 MUHYyTa)

HacraBHyK fieu ydeHMIIMa HOBY PajiHu JICT (IPIJIOT
2). YueHMIM 4YNTajy TEKCT, a 3aTUM ONTrOBapajy Ha IN-
Tamwa. 3a OBy aKTMBHOCT npenBubeHo je 15 muuyTa. Kapa
YYEHUIIM 3aBPIIE Pajl, HACTABHMK VX IO3MBA JIa YCMEHO
CaOIIIIITe OArOBOPE Ha MUTam-a. 33 OBY aKTUBHOCT IIpef-
BubeHo je 5 MyHyTA.




Kopaxk 3: Yuennuu nocMaTpajy 5eMOHCTpaliiOHN
orre[ 1 MCIyHaBajy 3aJjaTKe Ha PaJ{HOM JIUCTY (10
MUHYTA)

HacraBHMK M3BOOY JeMOHCTPALMIOHY OITIe]] TAKO
IITO Y Yallly ca BOIEHNM PacTBOPOM Ka/IUjyM-TUOLjaHa-

ITPWIOT 1: YKPIITEHNIIA

3aparak 1: Pery ykpirenmy.

Ta MOCTeIeHo fofaje Bogern pactsop reoxhe(III)-xio-
puna. YaeHur nocMarpajy ussobere ornena, benexxe
CBOja 3amaKara 1 OfIrOBapajy Ha IIUTakba Ca PaJHOT JINC-
Ta (mpwior 3). HakoH Tora y4eHnIm 4nTajy cBoje OaroBo-
Ppe, @ HACTABHIIK IIPOBEPABA bIXOBY TAYHOCT.

2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13
14.

1. Hajuemrhe ce xopucTi Kao KatanusaTop y peakuuja-
Ma XVIpOTeHN3aLNje, AeXVAPOTeHN3aLMje M KPAKO-
Bama HaTe AUCIIEproBaH Ha C/I0jy yI/beHMKa WM
caM. EnekrpoHcka KOHUTypalja OBOT elleMeHTa je
[Kr]ad"™.

2. Op oBor MeTana ce Hajuenthe Npon3Bofie KabJIOBY I
JKHULE. JeHO Off IbeTOBYX HajII03HATU)UX jefberba
jecre Iy1aBM KaMeH.

3. DBuonomxy Ba>xaH €lEMEHT, y/Iasy Y CacTaB €H3MMa.
Iberos pepnu 6poj je 42.

4. IlpemasHu MeTa 4. mepuope Koju UCTIO/baBa MarHeT-
Ha CBOjCTBA. Y/1a3M y cacTaB BUTamMmHa bi2. Penatus-
Ha aTOMCKa Maca OBOT €/IEMEHTA je 58,933.

5. OkcmpanmoHa crama OBOT MeTana y BOfEHUM pacT-
BOpMMa, Kao 1 60je TuX pacTBopa, 3asuce of pH
BPEJHOCTY CaMOrT pacTBopa. Iberosa jenumerma ce
KOPYICTe IIpY Tab0PaTOp1jCKOM HOOMjarby XJI0pa.

6. ,Tu cu Moje . AToMcku 6poj OBOT efeMeHTa
je79.

7. OBaj eneMeHT d-6710Ka He CIIafa y IpejasHe MeTaIe.
Hanasu ce y 4. nepuonu IlepuopHor cucrema eneme-
Hara.

10.

11.

12.

13.

JemviHM MeTasI Koji je Ha COOHOj TeMIIepaTypy y Ted-
HOM arperaTHOM CTamy. Tokcirda je.

JemaH op M3y3eTaka Off IIpaBIIa IOMybaBamba Opou-
Ta/Ia elIeKTPOHNUMA Y 4. IEPYOAY, jep Cagp>Ki MOIy-
nonymeHy d-opbutary. Moxe ce monupary, a Ha
Ba3/lyXy ce IacUBU3VIPA.

Op oBor MeTarna, IIOpeT 3/1aTa, ce Hajuemrhe uspabyje
HAaKWUT KOju BpemeHoM notamun. Hajbosbu je mpo-
BOJIHVK €/IeKTpIYHe CTPYje Off CBMX eneMeHara [le-
PMOTHOT CUCTeMa.

Orn oBor Mertana uspabyjy ce Hajuspithe MeTasHe
KOHCTPYKIIJje, Kao ¥ MeMUIIHCKY nMIvtanTy. Hama-
3U Ce Y 4. Tpynu U 4. ieproay [leprognor cucrema
e/leMeHara.

Jeman op ieMeHnTVX MeTana. Kopucry ce kao kata-
JIM3ATOP Y e/IeMEHTAPHOM CTalby WIN Y jeUIberbIMa.
IberoBa KOMIIIEKCHa jeVibetba Y MEIUIIVHY KOPYIC-
T€ Ce Kao IMTOCTATHUIY (JIEKOBY ITPOTHB KaHIEPa).
OBaj elleMeHT ce KOPUCTU Kao KaTalIn3aTop y peak-
IyjaMa xupiporenusanuje. Moxxe ce monmpary, a Ha
BasflyXy ce IacuBu3upa. PeratyBHa aToMCKa Maca
MYy je 58,693.
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14. OKcupi OBOT MeTajla KOPUCTH Ce Ko KaTalu3aTop y
npolecy gobujama cymnopHe kucenuHe. Iberosa
e/IeKTPOHCKa KoHurypanyja je [Ar]3d34s>.

ITPUJIOT 2: EIEMEHTW d-BJIOKA 1 IbIXOBA CBOJCTBA

3apaTtak 2: Ha cnegehoj munuju nanumm pedyn xoje
NpeACTaB/bajy pellermne YKpIITeHuIIe.

Enemeniiiu d-6n10xa u wuxoea ceojcinisa

3aparak: [aX/bMBO IPOUNTA]j TEKCT, @ 3aTUM TIOfIBY-

L1 IeTIOBe TEKCTa KOjJ [iajy OAroBop Ha cnenieha muTama.

1. Ine cy y IlepuonHoM cuctemy efieMeHaTa CMEIUTEHN
TIpe/Ia3Hy MeTay?

2. Koja je pasnuka nsmely rmojMmoBa npenasuyu Metanu u
e7eMeHTI d-6710Ka?

3. Kop xojux ce npemasHyx MeTama 4eTBpTe IepHOie
jaB/bajy OfCTYyIamba Off PEfOC/ena IOIy haBarba e/leK-
TPOHCKIX ITOFHMBOA 1 3aIITO?

4. Kaxo u 360r yera ce Memajy QpusnyKa CBOjCTBa IIpe-
JIa3HMX MeTa/a y OFHOCY Ha MeTajle s-6710ka?

5. Koja cy cBojcTBa joHa IpenasHux MeTana y BOIEeHOM
pacTBopy?

6. Koje Bpcre jenubersa rpajie peasHy MeTamm?

7. VI3 yera ce cacToje KOMIIIEKCHA jeMIbetba M KaKBa je
IbJIXOBA IVICOLMjallMja Y BOJEHUM PacTBOpMUMa?

8. Koje je sHaueme crefehux nojMoBa: IieHTpanHu Me-
TaJIHU jOH, JIATaH[, 1 KOOPHVHALMOHM OpOj?

9. Kaxo Hacraje KOOpiMHATMBHO-KOBaJ€HTHA Be€3a U
TI0 YeMy Ce pa3/uKyje Off KOBa/JIeHTHe Be3e?

Enementu d-6710Ka cCMeLITEHM CY Y 4eTBPTOj, Ie-
TOj, IIECTOj ¥ CeMOj ePMOAY 300T TOTa LITO Ce e/IeK-
TPOHNMMa HONy’haBajy d-opOuTaae 4eTBPTOL, IETOT,
IIECTOT U CeMOT eHepreTCKor HuBoa. Hamase ce n3-
MeDy s- u p-enemenaTa. 3ajefHMYKA eIeKTPOHCKA
KoH(]UIrypamnyja aToMa IpeIasHUX MeTana MOXe ce
npencraButn Kao (n-1)d" *°ns>. 36up enexkrpona vy (n-
1)d u ns opbuTanama ykasyje Ha rpyny Ilepmogsor
CUCTEMA eJleMeHaTa K0joj laTy e/IEMEHT IIPUIIAfia.

L 2 3 4 o 3] 7 8 2] 10 b 12

—

Y 3d opburanama aToM CKaHAMjyMa Cafp>KI jeflaH
€/IEKTPOH, aTOM TUTaHMjyMa IBa, aTOM BaHAMjyMa TPI, a
aToM XpoMa IIeT e/IeKTPOHa. 3alllTO Y aTOMY XpoMa Huje
THOIIYEbeH 45- TIOJHVBO, Tj. 3aIITO HEMA YKYITHO YeTHPH
e/eKTpOoHa y 3d-opburamama Hero net? ITomynomyeH je
3d-IIOZHMBO aToMa XpoMa 300r TOra LITO CY CTaOMIHN
aTOMU e/IeMeHaTa KOjJ IMajy HO/IYIIONy eHe OpOuTaIe.

EnemeHT Cumbon Z  EmexkTpoHCKa KOHGHTIyparpja
CKa;[-LIj[H_]yM Sc 21 152 25% 2p°® 352 3p° 3d" 45
TI/ITElI-]I/I_]yM Ti ) 152 257 2p° 357 3p° 3d” 45
Banmammjym V 23 15?257 2p® 357 3p° 3d* 45’
Xpom Cr 24 157252 2p°3s2 3p° 3d° 4s'
Manran Mn 25 157252 2p° 357 3p0 3d" 452
I'poxte Fe 2 152252 2pf 357 3p° 3d° 45>
Kobanr Co 27 152252 2p° 352 3pf 3d 45>
Huxn Ni 28 157252 2p° 357 3p° 3 457
bakap Cu 29 15?257 2pf 357 3p° 3d" 45"
Lpmex Zn 30 1522822p° 352 3p° 3d0 45

Cimnka 2. EnextpoHcke KoHurypanuje d-enemeHara
weTBpTe Hepuope [lepropHor crcTema eneMeHaTa

AtoM rBoxxba cap>Ki IIeCT eIeKTPOHa, aTOM K0obas-
Ta CeflaM, aTOM HVKJIa 0CaM, a aTOM 6aKpa JieceT eleKTpo-
Ha y 3d opbutanama. Kop atoma 6akpa ofcrymatme y eek-
TPOHCKOj KOHOUTYpaLMjI je U3 VICTOT Pasiora Kao KOf,
aToMa XpoMa, C TVM IITO je 3d-OpOnTasa IIOybeHa, a 45-
op6urana nonynonymeHa. Panuje cy ce enementu d-6mo-
Ka Ha3sMBa/IM U IpeIasHN MeTan, jep ce y [lepnogHoM
cucreMy Hanase nsmeby s- u p-6roxa. MehyTum, Hucy cBu
d-enemenTtn npenasuu Metaau. [To IUPAC npasnnmnma,
eneMeHTH 12. rpyme (Zn, Cd, Hg) He yOpajajy ce y npenas-
He MeTajIe 300T HONYbeHX d-
opbuTaa.

Qusuuka ceojcitisa

Y nopebhemwy ca metanu-
Ma s-0/10Ka KucTe nepuoge d-
eJIeMEeHT MMajy MHOro Behe

ik 5|1
Rf Db 5g || Bh Hs

TyCTHHE, Kao U BUIIIE TeMIIe-
paType TOIUbeH-a 1 K/bydama.
Pasjor 3a To cy MHOTO jaye
MeTajIHE Be3€e Y KPUCTAIHO]j
pemietky usMely atoma oBux
Metana. I1Ito je Behu 6poj He-

a7 58 a5 60

L E B Nd

a0 2L 92

Th || Pa
Cimnka 1. [Tonoxaj enemenara d-6moxka y IleprogHom
CHCTeMY elleMeHaTa
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CIIapeHMX eeKTPOHA Y aTOMY
IpeIa3HOT MeTana yc-
nocrasspa ce Behin Opoj Besa y
KpUCTalHUM peunieTKkama,
ycnep dera cy u 6pojuane
BpPE€MHOCTI 3a HABENEHE BETIN-



unHe Behe. OBakBa ¢u3nuka cBojcTBa oMoryhaBajy wu-
XOBY J1aKy 00pany u ob6/mKoBae. 360r Bennkor 6poja
e/IeKTpOHa Y d opOuTanama, peasHy MeTaIy Cy JoOpu
IIPOBOJHMUIY €IEKTPUYHE CTPYj€ U TOIIIOTE, a HEKU Of
IbJIX ITOKA3Yjy ¥ MAaTHETHA CBOjCTBA.

Xemujcka ceojcitiea

Enementy d-6710Ka peTKo rpajie jOHCKa jequrberba. Y
nopebemy ca aIKalTHMM U 3eMHOATKATHUM MeTalMa
BPEIHOCTH 3a eHepruje jouusanuje cy uMm Behe. Aromn
IIpeTasHMX MeTa/la TeXe OTITYIITajy Ba/leHTHe eleKTPOHe
U Y BOIEHVIM PacTBOpUMA Ipajie CTabJIHe XMpaTICaHe
joHe Koju UMajy KapakrepuctiaHy 60jy. Kako je enepruja
joHM3anMje NS eIEKTPOHA Makba Off EHEPIVje jOHu3anyje
(n-1)d-enexTpoHa, s-e/IEKTPOHMU Ce IIpBY OTIyIITajy. Ene-
MEHTH 3. TpyTIe (CKaHAMjyM, UTPUjyM U JIAHTaH) PeaKkTUB-
HJ CY CKOPO Kao V1 a/IKa/THJ 1 3eMHOA/IKA/THV METaJIN, JOK
Cy OCTa/1/ IIPE/Ia3HIM METa/IM XeMUjCKY Matbe PEaKTUBHIL

OKcrpanona cTarba eJieMeHara d-6/10Ka 3aBuce off
eIeKTPOHCKe KOH(UIypanyje biuxoBux aroma. bpoj Mo-
ryhyx oKCHIALIOHYX CTaEa PacTe y epyofaMa ¢ Iopac-
TOM aTOMCKOT 6poja, LITO je M IPUKA3aHO Ha CIIULN 3.
MaxcuMamTHO OKCHALIIOHO CTakbe OiroBapa 301py efeK-
TPOHa U3 5- U d-TIONHMBOA.

wCa  4s 4.

S 48 3d OO0 5
R m )

&Y 4 a0 EEECE]

«Cr 4s' 3d ..[:][]- o
Mn4si g (2o i
sFe d4s* 3d° 2, i
»Co. 4s? 3d’ o

JaNi s a2 2 43

»Cu 4s'  3d'° 52

ozn 4 3d s

Cnnka 3. Moryha okcupanmoHa crama aToma IIpe-
JTa3HMX MeTasia y IbUXOBUM jelubenbMa

ITpenasHu MeTasy rpajie BelmKy 6poj jenumberna, Kao
LITO Cy: OKCUIV, XUFPOKCUY, KVICEMHE Y KOMIUIEKCHA
jemuberba.

Oxcugu

Oxcupy eneMeHara d-6710ka Mory 61Ty 6a3Hu, aMm-
boTtepHn u Kucem. AKO HeK XeMUjCKY €/IeMEHT TPajiit
BIIIIe OKCIJIA, Ca TOPACTOM OKCHAAIIMOHOT Opoja aToMa
TOT e/IeMEeHTa PacTe KICe KapaKTep HeroBMX OKCH/A.
Behnna okcrpa npejasHmx MeTasra HepacTBOPHA je y BO-

L.

Xugpoxcugu

XUEpOKCHAN IPeIasHIX METa/Ia MOTY MCIIO/baBaTy
cmabo 6asHa, amdorepHa 1 Kucena cBojcTBa. Behnna xu-
JPOKCI/Ia OBIIX e/leMeHara c1abo je pacTBOpHA Y BOMIM.

Komiinexcua jequroera

CB0jCTBO 0 KOjeM ce ITpe/lasHy MeTa/y PasiuKyjy
Of, IPYTVX METaJIa je M3pasuTa CIIoCOOHOCT rpabera KoM-
IVIEKCHYIX jenuiberba. KoMIiekcHa jenmiberba Cy CyncTaH-
1Ie Y KOjMa II0CTOj! KOOPAVMHATMBHO-KOBAJIEHTHA Be3a
u3Mebyy joHa MeTasta 1 aHjoHa WM MOJIEKY/Ia KOjJ IOCeNy-
jy jemaH may Buile CTOOOTHMX €/IeKTPOHCKIX ITapoBa.
DopMyTy KOMIIZIEKCHOT jefiuberba MPerno3HajeMo 10
yIIacTum sarpaama, Ha npumep Na,[Zn(OH),]. Kom-
IJIEKCHA jefiuIbeba CACTOje Ce U3 CIOoJballlkber joHa
(cnorpaiumba cepa) 1 KOMIUIEKCHOT joHa (YHYTpalliba
cdepa). Cnomautby chepy na npumepy Na,[Zn(OH),]
JJHe [1Ba jOHA HATPYjYMa, @ YHy Tpallby chepy joH LMHKa
U 4eTHPU XUAPOKCUAHA joHa. [paba komItekcHor je-
TVEbEHba j€ TIPUKA3aHa Ha CIIVLIN 4.

JluraHy

1
Nao[Z0(OH )] <=

Llemvam&
METATHH jOH

Crosbantia chepa

KoopgHHALHOHH
Gpai

Cruka 4. [paha xoMiiekcHor jenumera

Jlaksie, y cacTaB KOMIUIECHOT jeIUIbEIbA YIase:

1. Ipagures koMIUIEKCa KOju je, Y CTBapy, jOH MeTaja.
HasuBa ce jo 1 IfeHTpanHI MEeTaTHM jOH. Y CJIOB fia
6u MeTan 610 rpafuTe/b KOMIUIEKCA je Aa HeroB joH
cafip>Xu HemomnymeHe d-opburae. 360r Tora cy rpa-
IUTeTbU KOMIUIEKCA CBU d-€IeMEHTH, alyl MOTY OUTH
U jOHM p-MEeTaja Kao IITO Cy: alyMUHIjYM, KaJiaj 1
0110B0. C1M607I MeTana Koji je rpaiite/b KOMIUIEKCa
HajIasyl ce Y yI/IaCTUM 3arpajjamMa, MCIPeN CBUX JIpy-
rux cumbona u popmyrna. Jlakie, y aToM npuMepy
TO je jOH IIMHKA.

2. JIuranpu Mory 6y anjoru (Ha npumep CI, I', CN,
OH’) wm HeyTpanau Monexymu (Ha npumep H,O,
NH3). Ja 6u Hexa dectuija 6uIa MUraHz Mopa fia 1no-
cenyje 6ap jema cobonaH enexTpoHcKy Hap. JIuraH-
T¥ Ce IIMILY Y YIIACTUM 3arpajiaMa OfiMaXx 113a CMMOo-
J1a rpafuTe/ba KOMIIeKca. Moxke X GUTY 1 BULLE OF
jemHor. Y 1aToM NpUMeEpPY IUTaH], jeé XU POKCUTHN
jOH.

3. AKO je KOMIUIEKCHM jOH aHjOH, cro/balimy cdepy
YMHY jOH Hajuelrhe a/IKa/HOT WY 3eMHOA/IKaTHOT
mertana (Ha npumep K*, Na*, Ca**). Ako je kom-
IUIEKCHY jOH KaTjOH, jOH Y CIIO/bAILIbOj cheplt je 00-
MYHO KICEeMHCKN ocTaTak (Ha mpumep SO,*, CI,
NO;") wm xuppoxkenpum jou (OH).

Besa n3mely criosparimer joHa 1 KOMIUIEKCHOT jOHa

je joHcKa, TaKo fia ce BehyHa KOMIUIEKCHUIX jeiUberba [0-

6po pacTBapa y BoAu (Aucolujanuja je HOTIyHa).

Criospanima cdepa KOMIIEKCa HeyTpasInIle HaeleKTpH-

carbe KOMIIJIEKCHOT joHa. Kofi 0BOT jOHCKOT jeuibena,
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KOMIIJIEKCHHU jOH je TeTpaxuppokcouunkar(Il), a
CIO/bALLIBY jOH j€ jOH HaTpMjyMa OfHOCHO JBa jOHa Ha-
TpUjyMa, 300T 6a/IaHCa HaeIeKTpyCarba.

Na,[Zn(OH),] — 2 Na'+ [Zn(OH),]*

KoopaunaTuBHO-KOBaNeHTHA Be3a HAaCTaje TaKo
IITO 002 e/IeKTPOHa 3a PopMuparbe KOBAIEHTHE Be3e fiaje
jemHa yectuIa (OHOP), a Apyra ux npuma (axuentop). To
je pas/iMKa y OGHOCY Ha KOBa/leHTHY Be3y. KoopmiHa-
IMOHM 6POj yKasyje Ha TO KOIMKO ce KOOPAMHATYBHIX
Be3a 0CTBapyje y jenHoM komiviekcy. OBaj 6poj 3aBucy of
CBOjCTaBa LIeHTPATHOT METATHOT jOHa, OGHOCHO Opoja
PacHoNIOXMBUX OpOUTATIA Y KOje Ce MOTY CMECTIUTH €JIeK-

ITPWIOT 3: BEMOHCTPAIIIOHM OI'JIE[]

Bemrauka KpB

[Tpubop u peareHcu:
e JIBE CTaKJ/IEHE Yallle
e MECTMIOBAHA BOJA
« BopmeHu pactBop reoxbhe(III)-xmopupa
 BOJEHV PacTBOP Ka/IVjyM-THOLMjaHATa
Iocrymnak:
Y ganty ca BomeHMM pacTBOPOM Ka/lujyM-TUOLMjaHa-
Ta JOfABATy OCTeNeHo BofieHn pactBop reoxbe(II)-
XTOpUA.

ITocmarpaj masK/buBO OI7Ie], KOjii HACTABHUK M3BO-
Y1, & ITIOTOM VICITYHH 3aJaTKE€ HA OBOM PaTHOM JIVICTY.

TPOHM IUTaHAA. YKyIIaH Opoj IMraHajia Koju fajy 110 jeaH
€/IeKTOHCKY ITap OATOBapa KOOPAMHALIIOHOM OpOjy.

IMocras/ba ce uTambe KAaKO Ce MMEHYjy KOMIIIEKCHA
jenumema. 1o onpehennm npasumma IUPAC HoMeR-
KJIaType 3a OBa jelUbEelba HAjIpe C€ HABOJM HA3UB
CTIOJbAILLET jJOHA, 3aTUM 6poj JIUraHaja, BpCTa JINTaHafa,
a IIOTOM ¥ LJeHTPA/IH/ METATHA jOH Y3 O3HAKy OKCHJA-
1MOHOT 6poja. VIHTepHAIMOHATHOM Ha3MBY LIeHTPATHOT
METAJIHOT jOHa JOfiaje ce CYPUKC -aT YKOMUKO je ped o
aHjOHCKOM KOMILZIEKCY. YKOJIMKO je pe4 O KaTjOHCKOM
KOMIUIEKCY, LIeHTPATHM META/IHI jOH HaBOAM ce yoou-
JajeHVIM Ha3MBOM, Y3 O3HAKY OKCUALMOHOT Opoja y 3a-
Tpajy, a 3aTUM Ce HaBOAM Ha3VB CIIOJbAlImbET joHa. Hasns
KoMmIuiekca yuja je popmyna Na,[Zn(OH), ] je natpujym-
teTpaxuppoxcorHKaT(Il).

Bese ca IIecT MojleKya Bofe. Hammium xemujcky dpopmy-
y koMmiutekcHor jona reoxba(III) unju je koopamHanmo-
Hu 6pOj je I1eCT, a TUTaHIy Cy MOJIEKY/IV BOJIE.

3aparak 4. Ha muunjama npensubennm 3a to narm-
my Hasuse ydecHrKa 1o I[UPAC HoMeHK/IaTypu y AaToj
XEMMjOj peaKIVjIL.

Sap;aTaK 1. praTKO OInnuIm CBOja 3alrraykamba.

3aparak 2. Harmm xemujcke (popMyrie peakTaHata
KOjJi Cy HaBeJ,eH! Y IIOCTYIIKY ¥ 60je IIXOBMX BOFEHIX
pacTBopa.

3aparaxk 3. Jou rBoxxha(Ill) je y BogeHOM pacTBOpY
XMApPATUCaH U OCTBapyje KOOPAMHATMBHO-KOBa/IeHTHe
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[Fe(H,0)g]Cl, +6 KSCN > K, [Fe(SCN)g] + 3 KCh 6 H,0

L 2. 3. 4. 5.
1
2.
3.
4.
5.
Abstract

SCENARIO FOR THE UNIT ABOUT TRANSITION
METALS

Dusica LAZAREVIC, student of the study programme
Chemical Education, University of Belgrade — Faculty of
Chemistry

In the paper the scenario for the classroom period
devoted to acquisition of knowledge concerning the general
properties of transition metals with the second grade high
school students is presented.




BECTU N3 CX]I

MN3BELITAJ O OOPXAHUM AITPVIJICKUM JAHVIMA O
HACTABU XEMUJE -
30. CTPYUYHO YCABPITABAILE HACTABHUKA XEMWUJE "
3. KOHOEPEHIIIJA METOJAVKE HACTABE XEMUJE

AnpuicKu JaHHU 0 HACTABH XeMMje OfipyKaHM CYy 24. 1
25. aTIpyUIa 2019. FofiyHe Ha XeMIjcKoM (aKy/TeTy Y HuBep-
suteTa y beorpapy y opranusanuju CpIcKOT XeMUjCKOT
ApymTBa 1 Xemujckor dakynTeTa. VI oBe rofuHe je, Kao u
IPETXO{HE /1B, CIIajalbeM 30. CTPYYHOT yCaBpIllaBama Ha-
CTaBHIKa XeMuje ¢ TpehoM KoHpepeHIjoM MeTofVKe Ha-
cTaBe XeMnje, oMoryheHa pasMeHa pesy/nraTa NCTpaK/Barmba
y obmactit 06pa3oBarsa I HCKYCTaBa U3 yUnoHuIe nsmedy
MeTOf1Yapa HacTaBe XeMIje I HaCTaBHMKA XeMuje U3 Oc-
HOBHUX U CpefmbNX mKosa myupom Cpbuje. YaecHunm cy
UMai IPWINKY [ 1yjy TP IJIeHapHA IIPefjaBarba U3 Pas/in-
YUTHX 00/IACTY XeMuje, Unje cafjp>Kaje MOTy IPVJIATONUTH U
IPUMEHNUTH Y CONICTBEHOj IpaKkcy. OCTaInX LIecT IyieHap-
HVIX IIpefjaBaiba OHOCHIIA Cy Ce Ha aKTye/THa IIUTamba U3 00-
JIACTU HAaCTaBe XeMjje, Koja Cy pa3MOTpeHa 13 yIJIa HayKe I
TIpaKce, IITO HACTABHUIMMA IPY>Ka MPWIMKY Jia Y COICTBe-
HOj TIPaKCH JIOHOCE OUTyKe 3aCHOBaHe Ha Pe3y/ITaTuMa Jc-
TpaXK/Bamba.

Ha ckymy je yuecTBOBao yKyIIHO 121 YY€CHUK: 102 Ha-
CTaBHMKA XeMUje U3 OCHOBHUX IIKOJIa, TUMHA3Mja U
CpenmlX CTPYYHUX 1Kona y CpOuju, 17 YHUBEPSUTETCKUX
HacTaBHUKa (YHuBepsureT y beorpany - Xemmjckn akyn-
TeT, YHMBep3uTeT y beorpany - ®akynreT 3a pusmuKy xe-

MIjy, YHUBep3uTeT y Beorpagy - Yunremcku dakynrer,
Yuusepsutet y beorpany - Pymapcko-reonomxu akynrer,
Yuusepsurer y Hosom Capy - IIpupogHo-mMaTeMaTUIKu
¢akynrert, Yausepsuret Bupuno u Metopuje y Ckorupy -
MuctutyT 3a xemujy IIpuponHo-MaTeMaTuKor daxysrera)
U [IBa CTYyZIEHTa 11eTe TOIVTHE MHTEIPUCAHOT CTY/IMjCKOT IIpOo-
rpama HacraBa xemuje Xemujckor ¢akynTera Y HuBepsuTe-
ta y beorpany. OBe ropune, Meby pegaBaurma pBu Iyt
CMO MMaJIi TOCTa ca YHUBep3uTeTa usBaH Perybmmke Cp-
ouje.

YKyIIHO je ofpyKaHO fieBeT IVIeHApHIX IIpefaBamba, fie-
CeT CAOMILTE A, TPYU PAAVOHNLIE U jeffHa TPUOUHA. Y OKBUPY
IBa CAONIUTEHA YIeCTBOBAIN Cy YYeHUIM 13 [mMHasuje
»ITaTpujapx ITaBne u OcHoBHe mKosne ,Magoct® us beo-
rpajia ca CBOj!M HAaCTaBHUIIAMA.

ITporpamcku ongbop ckyma anHwm cy: Jparuua Tpu-
Buh, Becna Munanosuh, bupana Tomamesuh, Jacna Ana-
MoB, Jyumia Pogih, Tamapa Ponvesuh, Cara Xopsat 1
Muanka [Innosuh. ITporpam ckyma ATpuicKu JaHu o Ha-
CTaBJ XeMIj€ PEaIN30BaH je Y HOTITYHOCTH M3Y3€EB jE[IHOT Ca-
OTIIITEA, a TEME ¥ AKTMBHOCTH Cy IO JAHMMA HaBETEeHN Y
HACTaBKYy.

IIPBU JIAH: 24. anpua 2019.

9:00-9:30 OtBapame ckyna (BXA):
[pencennnk Cprckor xeMujckor apymTaa, mpod. ap Becua Mumkosuh Crankouh
Jexan Xemujckor ¢akynrera, npod. ap UBan I'pxxernh
9:30-10:15 [MnenapHo npenasame (BXA): [lpuya o aHTHManapuky apTeMH3MHIHY ca bankaHa
Ipodecop emepuryc ap Cio6oaan MusiocaBbeBuh, YHusepsuter y beorpany - Xemujcku dakynrter
10:15-11:00  IlnenapHo npenasame (BXA): Ctpec: 6roxemujcke 0OCHOBE U Kako (cebu 1 apyruMa) nomohu
Hou. np Munan Hukonnh, Yuusepsuter y beorpany - Xemujcku dakymnrer
11:00-11:30 Ilay3a
11:30-12:00  TInenapuo npenasame (BXA): [IpojekT - MeToa y HacTaBH XeMuje
Jacna AnamoB u Cranuciasa Ouuh, Yausepsurer y HoBom Cany, IlpuponHo-marematuuku
daxynrer
12:00-13:30  Pagmonuua 1 (BXA) Paguonunna 2 Paguonuua 3
[Mpunpema npojexara y (Yunonuma 279) (Yunonunua Hosa 1)
HacTaBH XeMuje ObpazoBame y obnactu Tpancdopmarnmja KiacuuHe y4HOHHLE Y
IIpod. ap Jacna Anamos, XeMHUje 3a OJIPKHUBHU Pa3Boj escape room y4YUOHULY
Yuusepsurer y Hosom Cany, Mapunko 3y6uh u B. npod.  B. npod. 1p Mapuna CrojaHoBcKa,
IIpuponHo-MaTeMaTUUKU ap Aparuna Tpusuh, WHerutyT 32 Xemujy, [IpuponHo-
daxynrer YHuusep3urer y beorpany - MaTteMaTH4ku (akysTeT, Y HUBep3UTeT
Xemujcku dakynrer Cs. hupuno u Meroauje, Ckornsbe
13:30—14:30 Pyuax
14:30-15:00  ITlnenapuo npenasawe (Cana 3a cefHHle): YUeHHYKE CIOCOOHOCTH TyMmMauera WIyCTpaluja U3 IIKOJICKUX

yHOeHNKa Xxemuje

Jou. np Tamapa PonueBuh, Yuusepsurer y HoBom Cany, [lpupoaHo-matemMmatuku hakynter
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15:00—-15:30

IMnenapHo npepaBame (Cana 3a cequuue): Murepaer — MmoryhHocTH 3a yHanpeljere yuema/HacTaBe XeMuje
Hou. np buwana Tomamesunh, Yausepsuret y beorpany - Xemujcku dakynrer

15:30 - 16:00

[MnenapHo npenaBame (Cana 3a ceiHUIE): YBOI Y OPraHCKY XeMHjy Y KOHTEKCTY UCTOPHje XeMUje
Becna MunanoBuh un B. mpo¢. ap Aparuna Tpusuh, YHusep3uret y beorpany - Xemujcku paxynret

JPYT'U IAH: 25. anpuin 2019.

9:00-9:45

[TnenapHo npenaBame (BXA): dyHkipoHanm3amnyja v NpuMeHa CKelIeTHUX CTPYKTypa
Ipo¢. ap Bepa Jdonnyp, YHusepsuret y beorpany - ®@akynter 3a Gpuznuxy xemujy

9:45-10:15

[InenapHo npenaBame (BXA): (He)PazymeBame 0OCHOBHUX XEMHjCKAX KOHLIENATA 3aCTYIIJbEHUX y PAUyHCKUM
3aJanuMa
Hou. np Aymmna Poauh, Yuusepsuter y Hosom Cany, [IpupogHo-mareMaTniku GpaKyiTeT

10:15-10:45

[TnenapHo npenaBame (BXA): Pa3Boj pyOprka 3a pejTUHT KOTHUTHBHE KOMIUIEKCHOCTH TpodJieMa y XeMUjH
Jou. n1p Cama Xopsart, YHusepsuter y Hosom Cany, [IpupoaHo-marematnuku ¢paxkyiareT

10:45-11:00

ITay3za

11:00 - 13:45

Caonmrema (BXA, npencenasa gou. ap Camra Xopsar):

- TlpumeHa npamcke mertose y HactaBu xemuje, /Iparama WBanoBuh Boxuh u yyenunm I'mmuazumje
wllaTpujapx IlaBne* y Beorpaay

- ®dusnykoreorpad)cku oriean u3 arMocepe y HacTaBH NPHPOJIe U APYINTBa, Aow. Ap Muianka [Iunosuh u
nou. 1p UBko Hukonuh, Yuausepsurer y beorpany - Yunresscku ¢pakynrer

- 3enena Xemuja, Jeaucasa I'apoBuh, YHuBepsurer y beorpany - Xemujcku pakynrer

- Yyeme XxeMHje Kpo3 UTpe 0 IEPHOIHOM CHCTEMY U XEeMHUjCKIM Be3ama, B. mpo¢. 1p Mapuna CtojaHoBcKa,
WucrutyT 3a Xemujy, [IpuponHo-mMaremaridku Gakyntet, Y HuBep3uteT CB. hupuno u Meronuje, Ckornsbe

- YrTunaj npuMeHe XUOpPUIHMX WIyCTpalMja Ha TOCTUTHyhe ydeHWKa y HACTaBHO] TeMH ,,AITKOXOJNH®,

Mupjana Janunh! u nou. ap Tamapa Ponquuh2, 10cnoBHa mkona ,»,Byk Kapayuh* Jlo3uuna u ,,Bykosa

cnioMeH mmkona“ Tpmh, ZYHI/IBep3I/ITeT y HoBowm Cany, [IpupogHo-mMareMaTniku GpaKyiTeT

- BonmoBoa kao KOHTEKCT 3a yTBphHBambe 3Hama 0 CMellama, IIOCTYNIMMa 3a pa3/iBajarbe cacTojaka cMella 1
npeunihasamy Bone, Musom Ko3uh' n B. mpod. ap Aparnna Tpusuh?,
10cHoBHa wKona »YjenumeHe Hanuje, beorpan, 2VHnBep3HTeT y Beorpany - Xemujcku hakynrer

- HacraBa xeMmuje, TeXHOJOTHje ¥ CPOOHUX OUCLHUIUIMHA - CTambe W nepcrektue, p Tamapa IIpemoBuh,
Cpenma cTpyuHa 1mkona ,,4. jyau“, Bpdac

- HacraBa XxeMuje 1 TEXHOJOTHj€ Y CPEABUM CTPYYHHM IIKOJIaMa Ha TEPUTOPHjH JyKHOOAUKOT OKpyTa, AP
Tamapa IIpemosuh, Cpeama cTpydHa mkodna ,,4. jynu“, Bpbac

2

- Yueme xemHje Kpo3 HCTpaXkHUBambe U pelaBame npodiema, Cama l'[epnli1 u npod ap. JacHa AxamoB-,

'OchoBHa mkona »Dbypa Jannunh* u I'mmuasuja ,,Cero3ap Mapkosuh Hosu Capn, 2yHI/IBep3I/ITeT y
Hosowm Cany, [IpuponHo-MateMaTHuku GpakynTeT

- JlurnTaJHU MartepHjanu 3a ycBajame MOjMOBa pacTBapame M pactBopu, JImamja Panesuh m gom. ap
buwbana Tomamesuh, Yausepsurer y beorpany - Xemujcku dakynrer

- BemTruja 3aBepa U3 NpuKpajka Bpeda, HAYKOM ce MPOTHB e Ooputi Tpeda! Jesena Myuuh u yyenunmu
OcHoBHe mKoJe ,Maaxoct* y Beorpaxy

14:00 - 15:00

Tpubuna (Cana 3a cemHuie):
VY cycper HOBOM LMKIYCy TakKMUY€Ha W3 XEMMjeé YUYeHHKa OCHOBHUX M CPEABHX ILIKOJAa - UCKYCTBa U
penopyke
Mopneparopu: npo¢. ap Ayman Caaguh' u ou. ap Aymuna Poxuh’ ,

VYuusepsutetr y beorpany - Xemujcku dakynrer, ZYHI/IBCPSI/ITeT y HoBom Cany, Ilpupoano-maremaTuuku
daxynrer

15:00-15:30

EBanyanmja u 3aTBapame ckyna

Crypenrtu XeMujckor dakynreTa Cy 3a BpeMe Iaysa
CKyTIa, Y /by oberexxaBarba 150 rofuHa oy, otkpuha ITe-
PMOJHOT CHCTeMa e/IeMeHaTa, IEMOHCTPUPA/N OITIefle
KOj¥ C€ MOTY IIP/IaTOfUTY Y1 I3BECTH Y LIKOJICKMM YCTIO-
BuMa. Ofp>KaHa je 1 MpoMoLMja CTY/IeHTCKOT Yacomca
ITosutpoH, a 36vpKa Be/miKaHa CpIICKe XeMije Oua je oT-
BOPEHa 3a IIOCETHOLIE.

HacraBamiy ¢y BUCOKO OLleHI/IM IIPOTPaM U Opra-
Husanyjy ckyna. CKYTI je Off CTpaHe HaCTaBHMKA OlieIbeH
IIPOCEYHOM OLIEHOM 4,6 Ha CKasu Off 1710 5.

o6poj opranmsanuju ApuICKuX JaHa JOTIPUHEN
cy cBojuM aHraxxosamweM Bepa Rymunh u Iujana Kypan-
nuh n3 Kannenapuje CpIicKor XeMujcKor pyIITBa, Kao 1
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cryneHTn XeMujckor dakyarera YHuBepsurera y beo-
Tpajiy Kpo3 BOIOHTEPCKe aKTYBHOCTIAL

CBUM KOJeIMHNIIaMa 11 KoJIeraMa ce 3aXBajbyjeM Ha
BE/IVKOM 3/Iarary [ja ce IOCTUTHY LN/beBY 300T KOjIX CY
OpraHy30BaHy ANPIWICKN JaHU O HACTaBM XeMuje. 3aX-
BaJbyjeM ce yrpasama CpIICKOT XeMMjCKOT IpyIITBa 1 Xe-
Mujckor daxynrera YHuBepsuteTa y beorpany sa mpyse-
HY IOAPIUKY U oMo y opranmsanyjy u peanusamnyju
ckyma. [Toce6Hy moMoh y peanusaiujy cKyma npy >xuim
cy B. npod. np Tamapa Togoposuh u gou. fp Jbybonpar
Byjucuh.

¥V beorpapy, 13.5.2019. B. mpo¢. mp Oparmsa Tpusuh
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