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N3BOJ

JlekoBun Ha 0a3M IUIATHHE MMajy BaXXHY YJIOTY Y Jedemy Tymopa. KinmHMuku ycmex
TUTATUHCKUX JEeMbEHha N3a3Ba0 je BEIMKO MHTEPECOBAE 38 HCIIUTUBAKE IPYTUX IIATHHCKUX U
HEIUTATUHCKUX JIeKOBa KOjU O wHcmospbaBaiu 0OoJjba IIUTOTOKCHMYHA CBOjCTBA, J00pe
AHTUTYMOPCKE KapaKTEpPHCTHKE W MOBOJHHUjU (hapMakojomku npodui. Pasmuuura jenumemna
joHa MeTaja (HIOp. pyTeHHMjyMma, Kajiaja, Majaadjyma, TUTaHa, 3j1ata, 0akpa) Cy WHTCH3MBHO
WCIHUTHBaHA TOKOM TIOCIIEh¢ TPU JCLEHH]e Kao MOTCHIUjaIHU MEANKAaMEHTH Yy O0pOH MpOTHB
tymopa. Tokom mocienmux 10 roauHa BelMKO HHTEpecoBame je ycmepeno Ha Au(lll)
jenumema. To je 3a pe3ynraT nano BeJduku O0poj HoBoCcHHTeTHCaHUX jeaumberba AU(ll) ca Behom
crabwiHOIINy MpH (U3HOJIOUIKKM YCIOBUMA M TOOPOM HUTOTOKCHUHOIIhy IN Vitro Ha henmujama
tymopa. [lpeu AuU(lll) komruiekcn HoBe reHepanmje cuHTetucann cy 1990 roxauwe.
[TpuxBaTspMBa CTAOMITHOCT OBUX jeANb-CHA 371aTa oMoryhaBa mupoKy (GapMakoIomKy NpUMeHy
in vivo u in vitro. Hakon tora, HoBa jenumema AU(lll) cy cuHTeTHCaHA Y HEKOJIUKO CBETCKUX
nmabopaTtopuja, U MoKa3aja cy 3HauajHy OMOJIOIIKY aKTHUBHOCT.

[utotokcnunn epextn HOBHX jenumerma AU(Il) ucnuTHBaHM Ccy Ha PasTHYUTAM
nunurjama henuja Tymopa. HenaBHo 00jaBibenn pesynratu cy nokasamu aa Au(lll) kommekce ca
auTHOKapbamMaToM MMa 00Jba HUTOTOKCHYHA CBOjCTBA IN VItr0 o HHCIIATHHE HA JHMHHjama
henuja Tymopa. Takohe, Au(lll) kommaekcu cy mokasanu cialy WHTEPaKIHjy ca MOJIEKYIOM
JHK mro moBoam a0 Mainux wmoaudukanuja aBocTpykor xenwkca. Cradwmroct Au(ll)
KOMILIeKca Moke ce mosehatu, yak M Ha HeyTpainHoMm PH, y3 ajxekBataH M300p MHEPTHUX
JUraHaza, Mpy 4yeMy ocTaje ouyBaHa OMOJIOIIKa akTUBHOCT. To ce Moxe MocTuhy NMpHCYCTBOM
MHEPTHOT JIMTaH/Ia ca HajMame JBa a30T-JOHOPCKAa aToMa JTUpeKTHO KoopauHoBaHa 3a Au(lll)
JOH, TITO JOBOJIX JI0 3HAYAaJHOT CMamkEHha PEIOKC MOTEHIIN]aa KOMIUIEKCa.

VY mnokymajy na nedpuruHmemMo omHoc u3Mely cTpykType m (QyHKIHMjEe HOBE Tpyre
UTOTOKCUYHUX W TOTEHIUjaIHO aHTUTYMOPCKUX jeIMIbeHha, Y OKBUPY OBE JTOKTOPCKE Te3e

npoydaBana je mHTepakuuja uzmehy nexux AU(Ill) xommnekca m JIHK ¢parmenara, koju
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npe/AcTaBibajy KiacuuHy wMery 3a BesuBawe Pt(ll) xommiekca. [loOujeHn pesynratu cy
npuKazanu cieaehum penocienom:

- McnuTtuBaHa je KMHETHKA CYNCTUTYLMOHHMX peakuuja u3Mel)ly MOHO(YHKIMOHATHUX
Au(lll) xommiekca, [Au(dien)CI]** u [Au(terpy)CI]**, u GuOIOLIKH peneBaHTHHX IHTraHaxa
L-xuctuauna (L-His), wunosuna (In0), wuno3umu-5-monodocdara (5'-IMP) u ryanosun-5'-
moHodocara (5'-GMP). Csa ucnuruBama cy Bpiiena y 25 mM Hepes nydepy (pH = 7,2) y
npucyctBy NaCl na O6m ce chpeunina crioHTaHa XHIpOJM3a KoMiuiekca. Peakiuje cy mpahene
Kao peakiuje ncey0o-pBOr peaa y (GyHKIMjU KOHIEHTpAIWje JIMTaHaga W TeMIepaType Ha
stopped-flow criekrpodoromerpy. Kommeke [Au(terpy)CI]** je peaxrusruju ox [Au(dien)CI]*
koMmiuiekca, mto je mnorBpheno DT mpopauynuma. YTBphena je 50% Huxka eHepruja
aKTHBaIHje 3a terpy y omHocy Ha dien komriekc.

- Takohe, mcnuTHBaHa je KWHETHKA CYNCTUTYLHOHUX peaknuja Ou(yHKIHMOHATHUX
Au(lll) xommuekca, [Au(bipy)Clo]® u [Au(dach)Cl,]", ca a30T-Be3sWBHMM JHraHmNMa
L-xuctumuaom (L-His), unosunom (In0), urosuu-5-monodocharom (5-IMP) u ryanosun-5'-
monodocharom (5'-GMP) y 25 mM Hepes nydepy (pH = 7,2) y npucyctBy NaCl. Peakuuje cy
W3WUYaBaHE Kao peakIyje nceyoo-TpBOr pena y GYHKIUJA KOHIICHTpAIMje JIMTaHaga W
temmepatype mnomohy stopped-flow cmextpodoromerpuje. Kommmexe [Au(bipy)Cl]™ je
peaktuBruju on [Au(dach)Cl,]" xommiekca. PeakTMBHOCT MCTIMTHBAHMX HyKieoduna Cclaeau
UCTH peociie]l 3a 00a UCIUTHBaHA KoMILIekca u onana y uusy L-His > 5-GMP > 5'-IMP > Ino.
Ha ocHOBY BpeIHOCTH aKkTHBAIIMOHHX IapaMeTapa JOKa3aHo je J1a Ce CBE MCIMTHBAHE PeaKilyje
Jiell1aBajy 1o acolujaTuBHOM MexamusMy cyncturyuuje. IdT uzpauyHaBama cy rmokasaja ga ce
cyncruTynuja auranaga kox [Au(terpy)CI]* u [Au(dien)CI]** kommekca momohy nmugasona
OJITpaBa 10 MEXaHU3MY U3MEHE ca 3Ha4ajHUM CTETICHOM acOIMjaTUBHOT KapakKTepa.

- W3yyaBaHa je KMHETHKa peakumje kommiekcupama [Au(en)Clo]" u [Au(SMC)Cly]" u
dparmenara JTHK. Kommnexe [Au(SMC)CI,]" je peaxtusannju ox [Au(en)Cl,]" kommekca, mTo
ce MOXke 00jaCHUTH MPUCYCTBOM lrans-edexra KOOpAMHOBAHOT aToMa cymriopa u3 S-metui-L-
muctenHa. Y peakumju ca [Au(en)Cly]*, L-His pearyje 6pxe ox JHK ¢parmenara, amm y
peaxmuju ca [Au(SMC)CI,]" 5°-GMP ce moka3ao Kao HajoosbM HyneodHI. AKTHBAIIMOHH
napaMeTpH yKasyjy Ja ce CBe peakiiMje 0J[BHjajy IO aCOIMjaTUBHOM MEXaHU3MY.

- Ilutotokcmunoct kommiekca [Au(en)Cl,]” u [Au(SMC)CI,]" ucnmtuana je in vitro ma

henujama xponuune mumpornmtHe neykemuje (CLL). CBu KoOMIUIEKCH Cy TOKazanu Io0pe
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uutotokcnyHe edekre, a [Au(en)Cl,]” kommaexc je MOKa3a0 IMTOTOKCHYHOCT CIHYHY
[UCIUTATHHU.

- MWsywaama je umroTokcmuHocT Kommiekca [Au(en)Cly]*, [Au(SMC)Cl]™ n
[AuCI;(DMSO);]" na 4T1 henujckoj nuHMju TyMOpa J0jke MHIIa iN Vitro u in vivo u ynopehene
CYy BHHUXOBE AHTUTYMOPCKE KapakTepucTHke ca nucruiatuaoM. Mehy ucnurtuBanum Au(lll)
xommrekcuma [Au(en)Cly]" je mokazao Haj6osse mUTOTOKCHUHE edekTe y iN Vitro ycmoBuMa.
Iurotokcmanoct [Au(en)Cl]” ®  mucnmaTmHe je CiM4YHA TpH  CBHUM  HCITHTHBAHHM
KOHILIeHTpauujama. [loganu Ha OCHOBY IN VIVO eKCIepHMEHTa IMOKa3yjy Ja OJf MCIUTHBaHHX
Au(lll) xommmekca camo [Au(en)Cl,]" Moxe na chmpeun pacT TIpUMapHOT TyMopa JOjKe.
Kommnexc [Au(en)Cl,]" je moxasao 3matHO Gosbe Kapaktepuctuke ox [AuCly(DMSO0),]",
[Au(SMC)CI,]" u mucnnarure. Iopex Tora, Mumesn koju cy npumua [Au(en)Cly]” kommmeke
Iy’Ke Cy KHBENW y mopehemy ca MHUIIEBUMA KOjU Cy NMPUMHIIM IMCIUIATHHY W J00Hjaid Ha
texxuan. OBa MCINTHBAama Cy mokasama ga kommuiekc [Au(en)Cly]” moxe na 6yme mo6ap
KaHauaat 3a Oyayha dapmakosnonika HCIIMTUBAKA paKa JI0jKe.

- Iluroroxcumunoct kommuiekca [Au(en)Clo]", [Au(dach)Cly]" u  [Au(bipy)Cl]*
ucnuTHBaHa je Ha AS549 henwmjckoj TUHUjHM enuTeNla KapiuHoMa Turyha, a pal)eHu cy u TeCTOBH
nutotokcnyHoct (MTT u LDH Ttect) u tect amonrose. Pedynratu cy mokazaiu na Ccy CBU
tectiupanu Au(lll) koMruiekcH Mmokaszanu IUTOTOKCHYHO JiejcTBO Ha AS549 henujuckoj THHUjH.
Hajsehy nurorokcnunoct je mokasao [Au(bipy)Cly]* kommexc.

- Takohe, ncrmtuBaH je yruuaj aypormomanara, [Au(bipy)Cly]™ u [AuCl,(DMSO),]*
KOMIUJIEKCa Ha TMOKPET/FUBOCT M30JI0BaHUX henuja jajoBona Kon >keHa. Pesynraru cy mokazanu
na jenmnHo ca mosehamem KoHmeHTpamwje kommimekca [Au(DMSO).Cl,]" mnosehasajy ce

CIIOHTAHC aKTUBHOCTH N30JJOBAHUX hem/Ija.
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SUMMARY

Presently, platinum drugs are playing a major role within established medical treatments
of cancer. The wide clinical success of platinum compounds has prompted agreat deal of interest
in other platinum and non-platinum metallodrugs that might exhibit comparable cytotoxic
properties, hopefully accompanied by a different antitumor specificities and by a more favorable
pharmacological profile. Thus, various classes of metal compounds were intensively
investigated during the last three decades as potential anticancer agents based on several
different metals (e.g., ruthenium, tin, palladium, titanium, gold, copper). In particular, during the
last 10 years, much interest has focused on Au(lll) compounds because a number of newly
synthesized Au(lll) metallodrugs turned out to display appreciable stability under physiological
conditions. They also show a highly cytotoxic effects in vitro toward selected human tumor cell
lines. The first Au(lll) complexes of the new generation were described in the 1990s. The
acceptable solution stability of these gold compounds facilitated extensive pharmacological
testing, both in vitro and in vivo, with encouraging results. Subsequently, several other classes of
cytotoxic gold(I11) compounds were developed in a few laboratories worldwide and were found
to exhibit very attractive biological profiles.

Cytotoxic effects of novel Au(lll) compounds were measured on different tumour cell
lines. Recently reported results have shown that several new Au(lll) dithiocarbamate complexes
in vitro have even better cytotoxic properties than cisplatin toward a series of human tumour cell
lines. Also, some Au(lll) complexes show a very weak interaction with DNA and slight
modifications of the double helix. Some Au(lll) complexes could be significantly stabilized,
even at neutral pH, with the appropriate choice of the inert ligands, preserving its peculiar
biological properties. Thus, the presence of at least two nitrogen donors directly coordinated to
the Au(I11) centre leads to a significant decrease in the reduction potential of the complex.

In an attempt to define preliminary structure-function relationships within the new class

of cytotoxic and potentially antitumor compounds, in this theses is presented the interactions
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between some Au(lll) complexes with representative DNA fragments, the classic target of Pt(11)
complexes. The obtained results are presented in this order:

- The kinetics of the substitution reactions between monofunctional Au(lll) complexes,
[Au(dien)CI]** and [Au(terpy)CI]**, and biologically relevant ligands such as
L-histidine (L-His), inosine (Ino), inosine-5-monophosphate (5-IMP) and guanosine-5'-
monophosphate (5'-GMP) were studied in detail. All kinetic studies were performed in 25 mM
Hepes buffer (pH = 7.2) in the presence of NaCl to prevent the spontaneous hydrolysis of the
complexes. The reactions were followed under pseudo-first order conditions as a function of
ligand concentration and temperature using stopped-flow spectrophotometry. The
[Au(terpy)CI]** complex is more reactive than the [Au(dien)CI]** complex, which was
confirmed by quantum chemical DFT calculations. A more than 50 % lower activation energy
for the terpy than for the dien based complex was found.

- The kinetics of the substitution reactions between bifunctional Au(lll) complexes,
[Au(bipy)Cl,]* and [Au(dach)Cl,]", and biologically relevant ligands such as L-histidine (L-His),
inosine (Ino), inosine-5"-monophosphate (5'-IMP) and guanosine-5'-monophosphate (5-GMP)
were studied in 25 mM Hepes buffer (pH = 7.2) in the presence of NaCl. The reactions were
followed under pseudo-first order conditions as a function of ligand concentration and
temperature using stopped-flow spectrophotometry. The bifunctional [Au(bipy)Cl,]" complex is
more reactive than the [Au(dach)Cl,]* complex. The reactivity of the studied nucleophiles
follows the same order for both complexes, viz. L-His > 5-GMP >
5-IMP > Ino. According to the measured activation parameters all studied reactions follow an
associative substitution mechanism. Quantum chemical calculations DFT calculations suggest
that ligand substitution in [Au(terpy)CI]** and [Au(dien)CI]** by imidazole follows an
interchange mechanism with a significant degree of associative character.

- The kinetics of the complex formation of [Au(en)Cl,]" and [Au(SMC)CI,]" complexes
with fragments of DNA were also studied. The [Au(SMC)CI,]" complex is more reactive than
[Au(en)Cl,]" what could be explained by trans-effect of coordinated sulphur atom from
S-methyl-L-cysteine. L-Histidne reacts faster than DNA constituents in the reaction with
[Au(en)Cl,]", but in the reaction with [Au(SMC)CI,]* 5°-GMP is the best nucleopile. The

activation parameters for all studied reactions suggest an associative substitution mechanism.
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- The cytotoxicity of [Au(en)Cl,]* and [Au(SMC)CI,]* was evaluated in vitro against

chronic lymphocytic leukemia cells (CLL). All complexes showed significant cytotoxic effects,
but [Au(en)Cl,] * showing a potency comparable to cisplatin.

- The cytotoxic activity of [Au(en)Cl,]*, [Au(SMC)CI,]* and [AuCl,(DMSO),]*
complexes on 4T1 mouse breast cancer cell line were investigated in vitro and in vivo and
compared the results with cisplatin. Among the tested complexes [AuClx(en)]” showed the best
cytotoxic effects in vitro. The cytotoxic effects of [Au(en)Cl,]" and cisplatin were similar at all
concentrations. The data from the in vivo experiments showed that only [Au(en)Cl,]" can prevent
the primary breast tumor growth. [Au(en)Cl,]* was tolerated well and much better than
[AuCl,(DMSO0),]", [Au(SMC)CI,]" and cisplatin. In addition, mice that received [Au(en)Cl,]"
showed better survival time in comparison with mice that received cisplatin. Complex
[Au(en)Cl,]" seems to be good candidate for future pharmacological evaluation in breast cancer
research.

- The cytotoxicity of [Au(en)Cl,]*, [Au(dach)Cl,] and [Au(bipy)Cl,]" was tested on
A549 human lung carcinoma epithelial cell line and was evaluated by cytotoxic (MTT and LDH
test) and apoptotic assays. The results showed that all tested gold(I1l) complexes displayed
cytotoxic effect on A549 cells. Among the tested Au(lll) complexes, [Au(bipy)Cl,]" showed the
best cytotoxic effects.

- The influence of the aurothiomalate, [Au(bipy)Cl;]" and [AuCl(DMSO),]" on
spontaneous contractions of isolated women Fallopian tube ampulla and isthmus were
investigated. The results showed that just the increase of [AuCly(DMSO),]" concentration
increases the spontaneous activity of the isolated Fallopian tube isthmus without effect on the

isolated ampulla.
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YBOJI

VcnutruBame nHTEepakiyja n3mel)y KoMIuiekca joHa npeigasHux MeTaja U jeAnmbermna Koja
uMajy BaXHY OMOJIOUIKY YJIOTY, YKJbY4yjyhu u henmujcke CTpyKType, MOTY AONPUHETH O0JbeM
YBUIly y Tpollece KOju Cy 3HauyajHU 3a (HU3MOJIOMKY W (PapMaKoJIONIKy aKTHMBHOCT jOHA
npenazHux Merana. [loHamame KomIUiekca y OHOJNOIIKAM YCIOBMMA, Kao W IPOHAJA3aK
AITEPHATHBHUX TPETMaHA, MOXeE JONpPUHETH O0JbeM TI03HABaky MEXaHHW3Ma [IeJIOBamba
KOMIUIEKCa KOju ce Kopucte y meaunuuu. Luip je Hahm KoMIUieKce KOjU Cy aKTUBHUJU Y
nopehemy ca Beh kopuirtheHnM, a Koju Moceayjy Mamba TOKCHYHA CBOjCTBA.

[lpumena koMIulekca joHa MeTana y Jedesby TyMopa 3alouumbe ca OTKpuhem
AHTHTYMOPCKHX OcoOMHa mucruiatuie. JlaHac ce IHMCIUIATHHA PYTHHCKH KODPHCTH Kao
IIUTOCTATUK IMUPOM cBeTa. llucrmmatuHa Tpoy3pokyje OpojHe TOKcHYHE edekTe, JOK je
HCTOBPEMEHO OrpaHU4YeH Opoj TyMOpa Ha KOjuMa je akTHBHA. VI3 MOMEHYTHX pa3iora JaHallmba
UCTpaXXMBama Cy YCMEpeHa Ha CHHTE3Yy M CIIMTUBAKE KOMIUIEKCA Pa3IMUUTHX jOHA METaia, Kao
wro cy Ru(Il/1) u Au(l11).>® Mely HOBHM He-ILIATHHCKMM AHTHTYMOPCKHM KOMILICKCHMA,
KOMILIEKCH 3J1aTa Cy HEeaBHO MPHUBYKJIH MaXby Kao jeHmbEha ca Pa3IMuyuTHM OCOOMHaMa O
LUCIUIATHHE, alli ca U3pa3uTOM CIocOOHoIINy 1a crpeyaBajy pact henuje TyMopa.“’5 Cwmarpa ce
Jla KOMIUIEKCH 3J1aTa clipeyaBajy pacT henuje Ha Taj HaUMH IITO MHXUOHMpPAjy NPOTEUHE YHYTap
MHTOXOH/IPHje, IIITO OBY IPYITY je/HE-CHa THHH TOCEOHO MHTEPECAHTHIM.

Kommmieken Au(lll) cy wu3oenekTpoHCKM M H30CTPYKTypHH ca Komiuiekcuma Pt(11).
[Mopen Tora, Au(lll) jor rpaau KoMIUIeKce ca KBaapaTHO-IUTaHApHOM reomerpujom kao u Pt(l1)
jou. 3aro komrutekcu Au(lll) mpeacraBibajy m00pe KaHIHUIATE 32 CHHTE3Y HOBHX jEIMI-CHA KOja
Ou Morya Ja mokaxy 00Jpe aHTUTYMOpPCKe ocoOnHe o/ komruiekca Pt(l 1).8 MehyTtum, KoMIuIeKCH
Au(lll) ce omnukyjy wuspasurom Hecradbwnnomhy, a cam jon AuU(lll) nako mnomexe
T CTIPOTIOPITOHUCAY.

[Toyerkom 90-THX roarHa NOHOBO OXKHMBJbaBa MHTEpec 3a cuHTe3y komriekca Au(lll), a

TJIaBHU [WJb MPCEACTaBJba I[O6I/IjaH:C CTaOMJIHOT KOMILIEKCa npu (I)I/I3I/IOJ'IOI_HKI/IM ycjioBuMa.
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HcTpaxknBama Koja cy ycleauia Kao pe3yaTar Cy Jajia HOBE CTPYKTYPHO Pa3lIMuUTe KBAJAPaTHO-
mranapae  kommiekce Au(l11).*>® Hosocunrerncann kommmexcn cy mam  obGehaajyhe
pesyarare, jep cy MoKa3ald IUTOTOKCHYHEe ocoOumHe Ha Behem Opojy henmmja Tymopa udoBeka.
Mexanmzam mo kome AU(lll) KoMIutekcH TMOKa3yjy aHTHTYMOPCKO J€jCTBO j€ jOII YBEK
HEIO3HAT, alld Cy MCTpakuBama mokazana ga Au(lll) xomruiekcn wmajy manu adUHHUTET 3a
BE3UBALE €A MOJIEKYJIOM I[HK.5

Tema oBe JOKTOpCKE aucepTalyje je HUCIUTHBame uHTepakiuja usmehy Au(lll)
KOMIUIEKCa U OMOJIOIIKY 3HauajHux Jmranana L-xuctuauna (L-His), nno3una (Ino), nHo3un-5'-
moHodochara (5'-IMP) u ryanosun-5-monodocdara (5'-GMP). ¥V okBupy oBOr pana
WCIUTHBaHA j€ KHHETUKA W MEXaHHM3aM CYICTUTYIHOHHMX peaKlHja MOHO()YHKIIMOHATHUX
([Au(dien)CI]CI; u [Au(terpy)CI]Cl,) u oudynkmonanaux ([Au(dach)Cl,]Cl, [Au(bipy)Cl,]Cl,
[Au(en)CI;]Cl u [Au(SMC)Cl,]) xommuaekca Au(lll) ca nykneodpunuma L-xuctuaunom (L-His),
unozuHoMm  (Ino), wunHO3MH-5’-MoHOPOChatom (5°-IMP) wu ryanos3un-5’-monHodocharom
(5’-GMP). Cge peaknuje cy ucnutusane y 25 mM Hepes nydepy (pH = 7,2) y3 nomxarak NaCl,
Kao peakiuje nceydo-pBOT perna Ha Tpu pasinuunrte Temmepartype. JPT wmspadyHaBama cy
BpieHa 3a peakuuje [Au(dien)CI]Cl, u [Au(terpy)CI]Cl; kommekca, kako 61 ce 100HIO BHUIIE
uH(popMalija 0 MEXaHU3MY.

VcnutrBaHU KOMIUIEKCH Cy KOpPHIINEHM W y TECTOBMMa IMTOTOKCHYHOCTH Ha
pazmmuntuM henmujama Tymopa kao mro cy: CLL hemwmje, 4T1 hemuje, AS549 enmrena henmjcke
nauHKje kapuuHoMma ruiyha u henuje jajoBoaa. Ilopen Tora, ucnutiBaHa je u iN ViVO aKTUBHOCT
rope HaBeneHux komruiekca Au(lll) y cipedaBamwy pacta Tymopa aojke konx BALB/c muia.

Jlo6ujenu pesynratu o0jaBJbeHM Cy Yy OKBUPY 5 HaydyHUX pajoBa y mehyHaponHum

HayYHHM YaCOIIMCHUMaA.
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1. ONIUTH AEO

1.1. 3aaro

3nato, cjajHM MeTal ca KOJUM Cy ce
cycpelne joul ApeBHE LWBUIHU3allMje, KOje cy ra
noucroBehuBase ca OOroBuMa W BlaJapuMa M
UHTYUTHBHO  YBHJEJIE  FETOBY  BPEIHOCT,
noBe3yjyhu ra ca mohu u nenorom. Cum60:1 371ata
je HacTao o] JaTMHCKE pedyd aurum, Koja moTuue

on Oorume 3o0pe Aypope. [lamac je 3maro y

196.97

yIoTpeOu IIMpPOM CBETa, a HEroBa BPEIHOCT Ce
UCKa3yje Ha HCTU HAYUH Ka0 M Yy CTapuM
[UBUJIM3AIjama.

Xemuja 3mata je Owia moO3HATa OJ JaBHWUHA. HampeakoMm TexXHOJOTHje Kpajem
JIEBETHAECTOT M TIOYETKOM JIBAJIECETOT BEKa 3allOUMIbY HCTPaXHBama y 00JacTH MpOHAJIAcKa,
CHUHTE3€¢ M NpUMEHE jelumema 3imara. JlaHac, 37maTo W jeumbema 3j1aTa UMajy LIHPOKY
PUMEHY y MHOTHM o61acTiMa.

[ITa je To y Be3u ca 3J1aTOM INTO T'a YHHU TOJIMKO aTPAKTHBHUM M TOJIMKO KOPUCHHM?
boja u cjaj 3;1aTta cy OHO IITO YHHU OBaj METAJl aTPAKTUBHUM. 3J1aTO HHj€ MHOTO TBPJIO, HOX
MoOXe Jlako Ja ra orpebde. KapakTtepucruka 3nata je 1a je HajpacTerJbUBHjU METaJ KOJU Ce Kyje
Ha HAaIloj MJaHeTH. YIPaBO PacTErJbUBOCT OBOI METajla U CIIOCOOHOCT Jia He TaMHH YMHE T'a
OJUTMYHUM U300pOM 32 M3paay HakuTa. Y 3eMJbUHO] KOPH j€ I0CTa PacCIpoOCTpameH U YBEK Ce
Haja3u Ha MECTHMa TJe¢ MUMa NMUpuTa win kBapua. Hajuemrhe je 3maro xyto o0ojeH meTal,
MaKo Moxe Outu 1pH, Ooje pyOuHa, win JbyOuuact. 3maro je n106ap MPOBOJHUK CTpyje U

torioTe. Ha mwera He yTude usnarame Ba3nyxy uinu Behunu pearenaca. [lo6ap je peduexrop
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UH(PALPBEHOT 3paveba. 371aTO UMa eJIEKTPOXEMHU)CKU MMOTEHIMjall HajMamby OJ] CBHX MeTala,
a Takolje je HajeJIeKTPOHETaTUBHUjH, IITO ONET NOTBpl)yje HEeroB MIEMEHUTH KapakTep.

Opx moueTka ocaMJIeCeTuX roJJMHa XeMHja 3j1aTa JI0)KUBJbaBa CTAIHY €KCIIaH3H]y. 3J1aTO
U HEroBa jeIibeha MMajy MOceOHE KapaTepHCcTUKE, Kao ITO Cy XEMHjCKa M TepMHUYKa
crabumHoCT, Mekoha, BelMKa eNeKTPUYHA MPOBOIJBUBOCT W JIEN H3TJEHA, KOje UX YHHE
NOTOJHUM 3a ymoTpedy y MHOruMm obnactuma. Ha mpumep, 31ato je jemaH o TIaBHHUX
ejleMeHaTa 3a H3paJy HaHO-CJIEKTPOHCKHX ypehaja, jep je OTHOpPHO Ha OKCHAANH]Yy |
MEXaHUYKH je TIOCTOjaHO. Jelnmema 37aTa ce YCIEIHO KOPUCTE 3a JICUCHE PEeyMaTOUTHOT
aprpurtuca.*™'? 3mato je um3BaHpegaH KaTanM3aTOp IPU XETEPOrCHOj KaTalH3W, jep je
KaTaJIMTHYKA aKTHMBHO Ha coOHO] ¥ Ha Huckoj temreparypu (200-350 K) 3a pasiuky on
wiatuie ¥ nanagajyma (400-800 K).13 VY nocneamux HEKOJIMKO TOJIMHA KOPUCTH CE€ Uy
XOMOT€HO] KaTamm3m.™

3a HOpMaTHO (YHKIMOHHKCAame BehHE KMBUX OpraHM3aMa HEONXOJHO j€ MPUCYCTBO
onpeheHux joHa merana, KOju ce€ Ha3WBAjy €CCHIMjaTHUM MeTanuma. MelyTum, 37maTo HE
criazia y rpymy ecelyjalHuX MeTalla, MaKo ce Haszaiu y npBoj b rpynu mepuomgHor cucrema
eleMeHaTa 3ajelHO ca 0akpoMm, METalloM KOjU je HEOMXOAaH BehMHU >KUBHX OpraHu3ama.
N3y3eTHa cTaOMITHOT OBOT' MeTaa HajBEpOBATHH]jE j€ MONPHHENA Ja OPraHU3MH HUCY YCIIEIH
Jla pa3BHUjy MEXaHU3aM 3a MEeTBApamE €JIEMEHTAPHOT 3J1aTa y pacTBOPaH OOJIHUK, KOJU OU MOTJIH
Jla HCKOPHUCTE.

Jom y mpaucTopujckoM 100y 351aT0 je KopuilheHo y o0IMKY amajiiuje Wik MeAajbe Kao
3amTHTa 0/ OONIeCTH M 37X IyxoBa. [Ipema mocamammsuM cazHambMMa €JIEMEHTapHO 3J1aTO
HUje TMOKa3aJl0 METUIMHCKHA 3Hadaj. Y OCAMHAeCTOM BEKy HEKa jeluberma 37ara Cy
KopuirtheHa kao ,,eMTUKCUp MJIaAocTH™. Y HOBHje 100a NpBa NMpHMEHA jeUEkEHa 371aTa y
MeUIHN 3ano4nie HakoH Koxosor (Koch) otkpuha 1890. ronune na jeanmbemne KalujyM-
terpaumjanoaypar(l1l), K[Au(CN)s], cmpeuaa pact Gammia TyGepkymose.”> VYmpkoc
TOKCHYHOCTH jeIUbeha 37aTa cy y mepuomy ox 1925-1935. romgune (3martHa ekasa)
KopuitheHa 3a Jiedewe TyOepKyso3e, Mako HHje OMJIO JOBOJHHUX JI0Ka3a /1a OBa jeUI-EHa
3aucra yruay Ha TyOepkynosy. @opecruep (Forestier) 1960. roguHe oTKpHBa Ja jeqHbCHa
Au(l) Mory ma ce KOpHCTe 3a Jedeme peyMaToMmHOT aprputhca.’® On Bemnkor Gpoja
jenumema 37aTta KOpuIheHWX 3a Jieuermhe pPEeyMaTOMIHOT apTpUTHCa JaHac Ce caMo JBa

kopucte y CAJl, a Tto cy: ayporuomanar (Myochrysine) u ayportmoriaykosa (Solgonal). ¥V
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EBpomu ce aktuBHO Kopucre: 4-amuHO-2-aypoTH(deHon kapOoncka kucenuna (Krysolgan) u
HatpujymM-Tronporanoncyaponar (Allocrysin) (Cmmka 1.1.).* Acrmy, ayrommyne Gomectn
KOXKe, Kao W apTputuc Moryhe je jeuntu jenumemnMa 3imata. HoBHja mMCTpaxuBama Cy

I0Ka3a11a J1a Ce 3J1aT0 MOJKEe KOPHCTHTH Y Tepanuju kanuepa, XWB-a u manapuje.*

HO COO'Na
HO 0 _
Au-S-C—H
HO o
OH H,C——COO'Na”*
L Jn " Jn
AypoTHOrIyKO3a Hatpujym-aypoTHomanoHar
(Solganol) (Myocrisin)
B . [~ COOH ]
AuS——CH>
SAu
HO——C——H
HzC_SO3Na NHz
B n i _n
Hatpujym-aypotHonponasonacyadonar 3naro(I)-kommieke ca 4-aMHHO-2-
(Allocrysin) MEpKanTOOCH30CBOM KHCCIHHOM
(Krysolgan)

Slika 1.1. Cmpyxmypue popmyne nexux muonramo xkomniexca snama(l)

VY KOMIUIEKCHUM jeIU-EHhUMa 371aT0 je Hajuellhe 3aCTyMJbeHO Y OKCUAAIMOHOM CTamby

+1 1 +3, 10K Cy pEeTKM KOMIUIEKCH 3J1aTa ca OKCUAAIMOHUM CcTambeM +2 u +5.
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1.2.  3marto(l) komIuIekcH

KommiekcHa jenumerma AU(l) joHa umajy HajBehy mpuMEHY y MEIUIMHH 33 JICUCIHE
peymarouanor aprputuca (Cnuka 1.1 u 1.2). Ynorpeba Au(l) komIuiekca y MEIUIUHH Ce
Ha3WBa XpU30TEpaNMjoM W HMa 3a IIJb CMAmEHE ylaje U HalperoBamba O0JeCTH KOA
OonecHUKa ca peyMaTOWTHUM apTputucoM. OJ MOMEHYTUX KOMIUIEKca aypaHo(duH,

1,2,3,5-terpa-O-areryn-1-tuo-fB-rimukonupano-S-(tpuetmwidocdun)sznaro(l), (Couka 1.2)

j€ o moceOHOT 3Havaja, jep MOXKE OPATHO Ja ce y110Tpe6JI,a13.a.4‘17
Ac(\)
CH, P(Et)
AcO O __
/_, \U 0;S—S—AL —S-———SO3 Na%

AcO S ‘
AcO
auranofin sanocrysin

Cnuxka 1.2. AU(l) komnkaexcu koju ce Kopucme y Xpuzomepanuju.

Hako ce myro BpemeHa AU(l) KOMIKIEKCH KOPHUCTE Yy JIeUCHhy pPEyMaTOHIHOT
apTpUTHCa, MEXaHU3aM JIjCTBa OBMX KOMILJIEKCa JOIII YBEK je ocTao HepaszjaiimeH. [lanac ce
cmatpa na Au(l) kommkieke u kaja yhy y opraHuzaMm HHXHOUPAjy HEKOJIUKO SH3MMa U Ha Taj
HA4YMH HCIOJbaBAJy axtiBHOCT. o Aypanodun u apyru Au(l) xommkiekcu y HajBehem
CTeMeHy MHXuOHpajy eH3uM [IXR (THOpemOKCHMH-peayKTa3y) M OH HajBepOBaTHH]E
Npe/ICTaB/ba  GHONOWIKY MeTy 3a BesuBame AU(l) kommknexkca y oprammsmy.”’ ITopexn

NO3UTUBHOT jejcTBa, AU(l) KOMIKJIGKCH WCIOJbaBajy W HH3 HETaTHMBHUX (TOKCHYHHX )
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edekaTa, kao mTo cy: omrehema Koxe, Oydpera, KpBU U APYrUX OpraHa, TpOMOOIMTONEHH]a,
nepMaTuThc 1 ap.2t %

Hakon ycmexa AuU(l) komrmiekca y Jjiedemy peyMaTCKOT apTpPUTHCA YCIeAuna cy
WHTE3WBHA HCTPpaXKHBama y OBOj OOJAcTH, KOja Cy 3a pe3ysTaT Jaja BeIUuKH Opoj
KOMIUICKCHUX jEHIbEha Ca IOTCHLUjATHOM AaHTUPEYMAaTCKOM, ald M aHTUTYMOPCKOM
akTuBHOIINY. Y MOYETKY Cy Ce UCTPaKMBamba 3aCHUBAIA HA CHHTE3U KOMIUIEKCA CTPYKTYpPHO

CIMYHHUX aypaHodHHY, Kao mTo je Tpuetuidochuncku kommiaeke AuU(l) ca Ha TaIUMHNI0OM,
3

Au-Naphth-1, (Ciuxa 1.3.).%

\ O
N 13— Au -P(Et
O

Au-Naphth-1

Cnuxka 1.3. Cmpyxmypa Au-Naphth-1 komnnexca.

ITotom cy cunretrcann AU(l) KOMIKIEKCH CTPYKTYPHO MOTIYHO PAa3IHYUTH O
aypanodunHa. HaBeqeHN KOMIUIEKCH MOTY c€ MOJEIUTH Y HEKOJMKO Tpyra: KOMIUIEKCH ca
bochonuKIONEeHTAAUCHIIIHUM JINTAHI0OM, KOMIUIEKCH ca (pochuHCKUM NuraHanuma, KapOeHu
an.s

N3y3erHy  Owonomiky  akTUBHOCT  mokasamud ¢y  Au(l)  xomrutekn  ca
dbochanrkIoONeHTAAUCHWIHUM JIMTAHAOM Y KoopAuHauoHoj cdepu. OBU  KOMIUIEKCH
WHTE3WBHO CIpeUYaBajy aKTUBHOCT eH3uMa [IXR wu rnyTaTHOH-pezlyKTa3e.24’25 CrpykTypa

JeIHOT KOMIUIEKCa U3 OBe TpyIe npukaszana je Ha Couiu 1.4.
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7 N\ \_/—
_ \
Cl
GoPI

Cnuka 1.4. Komnnexe AU(l) ca pocpayurnonenmaouenunnum iueanoom.

I'pyna kommiekca AU(l) ca hochunckum nuranauma je Beoma OpojHa, a Haj3HAYajHUjU

npencraBauk je [Au(dppe),]” (Cruxa 1.5.).

2+
[ -+
¥ RP. -PR,
RP<, PR B R R,P. -PR
AU Cl CH.) ) 2 3 2 2
R,P” PR, (CH /(CH2z| 2CH S
L | R,P -PR,
RP™ PR, | B
[Au(dppe),]CI SMIV [Au(d2pypp),]CI
R = Ph R = 2-pyridyl R = 2-pyridyl
c|:| el P(CH,OH),
—Au-PR—"" .P(CH,OH)
R,P. -PR, R,P—Au-PR; RP EOEEET 273 | cr
VAl 23 P(CH,OH),
ClI” PR,
[Au(dppp)(PPh;)CI] [{AuCI(PPh,)},(1,-DIPHOS)] [Au(P(CH,OH),),IC!
R=Ph R =Ph

Cnuka 1.5. Komnnexcu AU(l) ca pocpuncrkum nueanouma.
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Kommnekc [Au(dppe)z]” (dppe = (nudenundochuno)eTan) mokasyje aHTUTYMOPCKY
AKTUBHOCT Yy IN Vitro u in vivo yciaoBuMa tako mro uaxuoupa dpyakiujy JHK. Kommuiekc je
CTabWjaH y MPUCYCTBY THOJIA M MOKa3yje MOTIYHO Apyraduje KapaKTepPUCTHKE Yy OJHOCY Ha

aypaHO(i)I/IH.26

VBohemeM pasmTUUMTHX Tpyma Kao INTO Cy: (eHun-, MeTHia-, METOKCH-,
JUMETWIAMUH- I TpU(IyopMEeTUI- JNOOUjEeHH CYy CTPYKTYpHO aHAJIOTHU KOMIUIEKCH
[Au(dppe)z]” xommexcy (Cruka 1.5.). Heku o1 HaBeJeHUX KOMIIIEKCA CY aKTUBHH JIOK JAPYTH
He TOKa3yjy akTHBHOCT.

N-XeTeponHKINYHN KapOeH! Cy Ipylia JUraHaaa ca U3pa3suTHM €JIEKTPOH-TOHOPCKUM
KapaKTepUCTUKaMa, CIMYHUM (ocpuHuckuM nuranauMa. BehwmHom oBM nuranau ymase y
cacTaB KaTajlu3aTopa, ajlld Ce MOoKa3alo Ja uMajy oapeheHy Ouosomky aktuBHOCT. Ha
Cnuium 1.6. npukazanu cy Au(l) xommiekcn ca KapOCHCKMM JIMTaHAWMA, KOjH HCIIO0JbaBajy

28,29
AHTUTYMOPCKY aKTHBHOCT.

2+

>% <<
N

eropecueﬂnm KapOCHCKH KOMIUICKC 3JI1aTa

T A
Qe o
L A

[(iPryIm),Au]CI (iPrylm)AuCI

Cnuxka 1.6. buonowxu akmusnu AU(l) kapbencku komniexcu

9
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Mebhyrum, mocroju Benuku Opoj AU(l) xomIuiekca KOju TO CBOjUM CTPYKTYPHUM
KapaKTepUCTHKaMa HEe MOTY Jla C€ CBPCTajy HHM y jeJHY OJ rope HaBeJCHUX IpyMa, a KOju

M0Ka3yjy 3Ha4YajHy aHTHTYMOPCKY WIH aHTHpeyMaTcky aktusroct (Crmka 1.7).30%

c — PEL, i

SO,;Na
o)

[Au(PPh,)(HCLpspa)] [Au(TS)(PEt,)] [AUPEt,(K3TSC)]

Cnuka 1.7. Buonowrxu akmusnu komniexcu Au(l).

Kommnexkcn Au(l) cy y pacTBopuMa jako HeCTaOWIHM, jep TMOJUIeXKY IpolLecy
MO3HATOM Kao TUCIPOIOpPIHOHUCAKkE, jenHaunHa 1.1. YrpaBo Taj mporec A0BOIU /10 MOjaBe

TOKCUYHMX edekaTa IpUINKOM NpuMeHe jiekoBa Ha 0azu Au(l) kommiekca.

2 Au(l) — Au(lll) + Au(0) (1.2)
1.3. AntutymMopcka akTuBHocT Komiuiekca Au(lll) jona

Kao mro je mpeaxolHO HAOMEHYTO HCTpaXKMBama y O0JacTH MPHUMEHE KOMIUIEKca
jOHa MeTana y MEAWIMHHU I0oYeNa Cy ca OTKpuheM aHTUTYMOPCKHMX OCOOMHA IUCILIATHHE
1965. rommue.*? Jlaac ce NWMCIUIATHHA DPYTHHCKH KOPHCTH Y JieYeHY HEKOIMKO BPCTa
KapIIMHOMA LIIMPOM CBETa, HaKO Cy J0OPO MO3HATH TOKCUYHU €PEeKTH KOje MPOY3pOKYje, Kao U
orpaHudeH Opoj TymMopa Ha KOjuMa je akTHBHAa. MHOT0OOpOjHa MCTpaXKUBamba y 0BOj 001aCTH
JlaHAC Cy yCMEepeHa Ha CHHTE3y M HCIHTHBAKE KOMILIEKCA PAa3IMYUTUX JOHA MeTana Koju Ou

10
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nmocegoBaid  J100pa AaHTHTYMOPCKa CBOjCTBa, 0€3 HEXE/heHHX edekata U T0jaBe
pe3I/ICTeHque.e’a'35

AU(I) jou je m3oenexktporcku ca Pt(Il) jonom m rpaagu KomIuiekce ca KBaapaTHO-
IUIAHAPHOM T€OMETPHjoM, > I1a IIpeCcTaBba JoOPOr KaHIHAATa 38 CHHTE3y HOBUX KOMILICKCA
KOju OM MOTJIM Jia MOKaxy 00Jbe aHTUTyMOpcKe ocobuHe ox komiuiekca Pt(I1). Mehyrum, 3a
paznuky o komiuiekca Pt(I1), ananorau kommiekcu Au(lll) mokaszamu cy ce ka0 peaaTUBHO
HECTaOMIIHU, HAPOYMUTO HA CBECTIIOCTH. 3a KoMILIeKcHa jeaurberba Au(lll) xapakreprcTuuHO
je Ja JaKo MOMJIeKY PEIyKIMjH 10 €JIEMEHTApHOT 3jaTra NpH (PU3HOJIOIIKHM YCIOBHUMA.
YnpaBo u3 HaBeneHUX pasziiora ucnutuBame kKomiwiekca AU(Ill) kao aHTHTYMOpCKHX
jenumema OWIIO je 3amoCTaB/bEHO IYXH HH3 ToAuHa. [lodyeTkoMm jaeBeleceTMX ToAWHA
cuHTeTHcaHo je Hekonmuko HoBuX AU(Ill) kommiekca koju cy mokasuBanu Behy cTaOMIHOCT,
Kao u 106pe (hapmakosoiike ocodbune. Mely npBuma Hamao ce komiuieke [AU(DAMP)X;]
(DAMP = 2-(mumermiamMuHOMETHI)DEHII) KOjU je TI0Ka3a0 3HA4YajHy aAHTUTYMOPCKY
axtuBHOCT.> %

Kaxko 6u ce mosehana cradbunnoct Au(lll) kommuiekca, y KOOpIUHAIMOHY cepy yBoIe
Ce TOJIMICHTATHY JIMTaH]IM, K0 IITO CYy MOJUAMHHHU, IUKIAMHU, TEPIUPHIUH ¥ (EHAHTPOJIHH.
Kommiiekcu ca HaBepeHUM smranauma npukaszanu cy Ha Croumu 1.8. OBU KOMITIEKCH HMajy
3a/10BOJbaBajyhy cTaOMIHOCT, IITO j€ CBAKAKO OTBOPHUJIO MYT 3a UCTIMTHBAE OBHUX jEIUHCHA
Ka0 AHTHTYMOPCKHX areHaca, Kako in Vitro, Tako u in vivo.? Ha npumep, KoMIuiekc ca rimiui-
XUCTUAMHOM TI0Ka3ao je 3HaTHO Behy nwurorokcmuHoct Ha A2780 henujckoj IHMHUJU
KapIMHOMa jajHIKa y ofHOCY Ha ananorte komruiekce Zn(11), Pd(I1), Pt(1l) u Co(l1).3%

Cepuja xomruiekca Au(lll) jona ca ¢permnnupuauHOM (PPY) CHHTETHCAHA j& TIOUYETKOM
2000. romuue.”! Jeman ox xommiekca je [Au(ppy)Cla] koju je mo cTpykTypu cimdaH
nucriatiHd. OBaj KOMIUIEKC WMa Majly pacTBOPJBMBOCT Yy Boau. MHcmupHucaHu OBHUM
KOMILJIEKCOM CHHTETHCAaHH Cy KOMIUIEKCH ca PPy JHUTaHAOM KOjH cajpke KapOOKCHUIATO
JUTaH/Ie YMECTO XJIOpHAA, Kako Ou ce moBehana pacTtBopspMBOCT. J[0OMjeHU KOMIUIEKCH Cy

TectupaHu IN Vitro Ha henmjama neykemuje u Ha TyMOpMMa MUILIEBA, NPH YeMy je youeHa

41
OUTOTOKCHUYHOCT CJIMYHA KAaO0 KOJ IUCIIIIaTHHC.

11
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H N 2C10,°
201 [ \ / A

|
TNH cr
1 2 3
1 2+ — /\| - 4
CIOA
2Cr Au (o]
N
s | Cl

Cnuxa 1.8. Cmpyxmypne gpopmyne: 1-[Au(en),;]Cls,2-[Au(dien)CI]Cly,
3- [Au(cyclam)](CIO,4),Cl, 4-[Au(terpy)CI]Cl; u 5- [Au(phen)CI,]CI.

Mecopu (Messori) ca capaguuiuma je mouetkoM 2002. rofWHE CHHTETHCAO CEPH]Y
Au(lll) xommekca ca 6Gurmpuiaom (bipy) n nepuBartiMa Gummpramaa (Cauka 1.9).* Osn
KOMIUJIEKCH, HM3Y3€THO CTAOMJIHHM TNpH (U3MOJOUIKUM YCIOBHUMA, IMOKa3alM Cy 3HAdajHy
[IUTOTOKCMYHOCT Ha Behem Opojy Tymopa. Y wucroj rommnu Operona (Fregona) ca
capanuniuma cuarernme Hoe AU(IIl) kommiekce ca aurnokapGamarom.”® Komrureke ca
N,N-mumetunauTrokapbaMaToM ce TOKa3ao Kao HajO00JbU W3 cepuje. 3aTUM je ycheauna
CHHTe3a M KapaKTepHsaimja kommiekca ca mopdupuaom (Cmmka 1.9).* Tloppupnmckn
murangu yuae AU(Ill) jor u3y3zeTHO crabmiaHmMM, Tako jaa je mpuMmeheHO Ja TIIyTaTHOH |
ackopOHMHCKA KHcennHa He peaykyjy Hasexene Au(lll) xommiekce.’ 3a oBe KoMIUIEKce je

KapaKTePUCTUYHO JIa C€ BE3Y]y 32 MOJIEKYJI 21HK.8

12
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[Mopen cuHTe3e U UcMTUBamba MOHOHYKIIeapHuX Komruiekca Au(lll) jona, yciaenuna je
cuHTe3a IuHyKieapHux komiuiekca AU(Ill) jona, kao mTo cy kommiekcu ca “Auy0,”

jenuHUIIOM U DIPY JIHUraHaoM, KOjU CY MCIOJBHJIM 3HAa4YajHy MUTOTOKCHYHOCT Ha Behem Gpojy

henuja Tymopa (Cnuka 1.9.).45

Cnuxa 1.9. Cmpyxmypne gpopmyne: 1-[Au(bipy)(OH),][PFs], 2-[Au(bipy®-H)(OH)][PFs],
3- komnaexc Au(lll) ca nopghupurom, 4-Auoxo6.

Benuku 6poj komrutekca Au(lll) jona ca paznuauTuM THIIOBMMA JIMTaHa1a, IOPE]] TOpe
HaBeJICHNX, CHHTETHCAHO j€ TOCIEeIHUX TOAMHA ¥ HCITUTAaHA j€ IhIXOBa OMOJIOIIKA aKTHBHOCT.
Behuna cy kommuiekcn y kojuma noctoje Tpu Au-N Bese, 10K 4YeTBPTO KOOPIMHAIIMOHO MECTO

saysuma xopuanu jor (Cimka 1.8).° MeljyTiM, cHHTETHCAHH Cy M KOMIUIGKCH Y KOjHMa

13
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nocroje Au-S u Au-C Bese (Cimxe 1.10. u 1.11).° Hekn ox 0BHX KOMILIEKCA Ce KIMHHYKH

UCTINTY]Y.

Br

\N"' \ / \N" )ﬂ )\

< /\/ /\ /\ /\

Cl Br

[(DMDT(Au)CL)] [(DMDT(Au)Br2)| [(ESDT)AuCl)] [(ESDT)AuBr2)]

Cnuka 1.10. Komnnexcu Au(lll) ca Au-S sezom.

(1 N ® ©\/\
v\
,N\\‘/NCS \
V4 T
cl NCS AcO / OAc

[AuCI(Ph)(damp)] [;\u(ppy)(SC N)(NCS}]* [Au(acetato),(damp)]

Cnuxa 1.11. Komnnexcu Au(lll) ca Au-C sezom.

Hoga uctpakuBama y cuntesu u ucnutuBamby Au(l11) koMruiekca Kao MOTEHIM]aTHIX
AHTUTYMOPCKHX JIEKOBA 3amodyesia Cy MOYETKOM JeBeaeceTux roaumHa. Kao pesynrar Tora
HACTAa0 je BeJIMKH Opoj opranomeramnux jeaumema AU(IIl) joma. Hasemena jenumera
CTPYKTYpPHO Cy BeoMa pa3inuuuTa 1 BehnHa rnokasyje 1o0o6pe gpapmakosnouike ocoonne. Behnna
CHHTETHCAHUX jeIMIbCHha je UCTIUTUBAHA IN VIitro Ha pasnuuutuM henujama Tymopa ¥ MHOTH

0]l BbHX Cy Mokasaia obehasajyhe pesynrate (Tabena 1.1).8

14
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Ta6ena 1.1. Iurotokcuunoct (IC50 uM) pazmuuutux Au(lll) jenumerma Ha pazauuuTuM hemrjama TyMopa.8

Kommnueke A2780/S A2780/R CCREF- CCREF- SK-OV-3 MCF7 HT29 A549
CEM/S CEM/R

Hucmnatuna 1,2+0,43 14+2,72 0,7+0,1 20,1+7,2 5,2 530+0,87 6,30+0,23 -
[Au(en),]Cl5 8,36 +0,77 17,0+4,24 - R - - ) 5
[Au(dien)CI]Cl, 82+093 187+216 126+20 32,7+66 - - - -
[Au(cyclam)](ClO,),ClI 99,0 >120,0 - - - - - i
[Au(terpy)CI]Cl, 0,2 0,37 £ 0,032 - - - - - _
[Au(Phen)CI,]CI 38+1,1 3,49 + 0,91 2,3 6 - - - -
GHAu 52+1,63 85+23 - - - - ; 3
[Au(bipy)(OH),][PF¢] 8,8+3,9 24,1+ 8,7 52,9+116 586+09 344+47 - - -

[Au(bipyc-H)(OH)][PFs] 33+14 82+15  119+21 512+56 133+1,6 3530+8,8 24,60 > 50

Au(bipydmb-H) 250+043  57+03 - - - 5,20 = 0,40 ~25 ~35

(2.6-xylidine-H)][PF¢]

Au(pydmb-H)(Ac0)2] 2,90+ 0,34 6,40+ 1,0 - - - 17,70 £ 0,44 8,60 ~49
Auoxol 228+153 23,3+0,35 - - - - - B
Auoxo2 121+15 135+1,8 - - - - - -
Auoxo3 25,4 + 2,47 29,8+3,1 - - - - - -
Auoxo4 12,7+ 1,06 19,8+1,8 - - - - - -
Auoxo5 11,0+£15 132+1,.2 - - - - - -
Au0x06 1,79+0,17 481+0,5 - - - - - -

16
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1.3.1. Mexanu3aM aHTHTYMOPCKOT AejcTBa kommiaekca Au(lll) jona

Haxon orkpuha mga kommaekcu Au(lll) mokasyjy aHTHTYMOPCKY aKTHBHOCT YCIIEIHIIO
je MHTepecoBame 3a HCIHUTHBAkE MEXaHM3Ma 10 KOME Ce aKTHBHOCT HCIOJbaBa. Takobe,
ucnutuBane cy peaknuje Au(lll) komriekca ca crierupuaHIM OMOMOJICKYJIMMa KOjU MOTY Ja
MPENICTaBbajy METY 3a BE3MBamE KOMIUIEKCAa y opranu3my, kao mto cy JJHK u nporennw.
MexaHun3am npeko Kora MOMEHYTH KOMIUIEKCH HCI0JbaBajy aHTUTYMOPCKH e(eKar joIl yBeK
HUje mo3Hat. Ha ocHOBy mHopManuja Koje cy A00HjeHe U3 BEIUKOr Opoja MCTpakKMBamba
MOYE C€ U3BECTH HEKOJIMKO MPETIIOCTABKHA O IbUXOBOM MEXaHU3MY JETIOBAMbA.

Iowro je Au(lll) jon mo xemujckuM kapakrepuctikama cimuan Pt(11) jony,* npsa
IPETIIOCTaBKa je Ouiia Ja je MexaHu3aM JIejCTBa KOMILIEKCa 3J1aTa UACHTHYAaH Ca MEXaHU3HOM
nejerBa muciutatuee, Tj. Aa JJHK mpeacraBpa MeTy 3a Be3uBame Komiuiekca. [Ipu Tome
nonasu  go omrehema wmonekyna JHK, mTo onemoryhaBa pamy pemmukanujy u
TPAHCKPHIILH]y, 2 CAMAM THM H eo0y hennje." dapMaKoIIONIKa HCIINTHBAbA Cy yKa3ala 1a je
mexanu3am aejeta Au(lll) komiuiekca NOTIMYHO Apyraduju y OAHOCY Ha MEXaHHM3aM JIejCTBa
mucruatuie.”>*234% Hapwme, uzyseB koa Au(lll) koMrutekca ca mophupruHUMa, TJI€ je YOUeHO
BesuBame 3a mosiekyn JIHK, kox npyrux Au(lll) xoMruiekca eekTr n3a3BaHu BE3UBAKHEM 32
JIHK rortoBo na Hucy youenn.” Kox xommiekca [Au(phen)Cl,]Cl (phen = ¢enanTpomnm) u
[Au(dien)CI]Cl, omrreheme JIHK je youeHo y Beoma manoM mporeHTy. [10TInyHO UaeHTHYHA
curyanyja je npumehena u ko xomriekca Au(lll) jona ca DAMP marangom.”’ YV ciyyajy
xommiekca Au(lll) jona ca mopdupuHHMa HCIHMTHBaEKba Cy MOKa3alna oa Mako I0Ja3d [0
Be3uBama 3a JIHK, HaunH Be3uBama U e()eKTH KOj€ BE3UBabE N3a3UBa Cy MOTIYHO APyraduju
011 e(peKaTa M3a3BAHIX KOOPIAMHOBAMmHEM IIHCILIATHHE. >

Excriepumentu  ykasyjy mga cBoje 1mrotokcuune edekre Au(lll) xommiekcn
UCNOJbaBajy M3a3uBajyhu omreheme MUTOXOHApPHjE Kpo3 MOIUGUKAIM]Y CHEUPHUHUX
nporenna.”® Mecopu (Messori) ca capajHHIMMA je OTKPHO 1a 61 MHXHOUIM]jA crieu(rIHOr
ceneno-ensuma TrxXR Au(lll) komruiekcom Ouiia OArOBOpHA 32 MCIOJbABAKHE AHTHTYMOPCKUX
46,47

edpexara.” Hanme, 0B KOMIUIEKCH YTHUY Ha 3HAYAjHO CMarberse (YHKIMje MHTOXOH/IPH]E.

OBa xuIoTe3a je 3acHOBaHA W Ha 4MmbeHUIM aa komiuiekcu AU(l) joHa, koju ce Kopucre y
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Jeuemy apTpUTHCA, CBOjE JIGJCTBO HCIOJbaBajy TaKO INTO WHXUOHMpajy aejctBo TrXR u
IMO3HATH CY K40 AHTHMUTOXOH/IpHjaty arencu. >

HoBuja wucrpakuBama ykazyjy Ja THOPEIOKCHH M THOPEIOKCHH-PEAyKTaza HMajy
BOXHY YJIOTY y HAacTaHKy M pacTy henuja TyMopa.so'52 CxogHO TOME, WHXHOHWIIH]jA

THOPEIOKCHH-PEIyKTa3e je jelaH o]l KJbYUYHUX (akTopa y pa3BOjy HOBHX AHTUTYMOPCKHX

53-55 . o
peareHaca. Emum TrxR na C-TepMUHATHOM Kpajy MMa CEJICHOLMCTEHH KOjU je TaKo

CMEIITEH Ja je JaKo JOCTYIaH 3a BE3UBAIE ca JIPYruM jeaumemuMa. [locToju Bemuku Opoj
jenumema  Koja Mory Ja uHXuOupajy TrXR, a TO ¢y oOpraHcka jeaumema
(muHuTpOoXxanobeH3eHn u xuHuHM), joau metana (Ca(ll), Mn(ll), Zn(I1), Cd(I1)) u komIIekcH
jona merama (Au(111), Pt(11), Ru(11/111), Pd(I1)).>

Kana xommieke Au(lll) jona yhe y henujy, yrinaBHOM jgonia3u 1o amomnTose henuje

%9 Tpumehieno je ma go cmptu henuje gonasu u ko henuja Koje cy pa3Buie

1 . . .
PE3UCTEHTHOCT Ha JIPyre TUIIOBE aHTUTYMOPCKUX nexosa. %y henuju mocToju BemuKU Opoj

(cMmpTH hemnuje).

OMOMoOJIeKyJIa KOju MOTy Jia Oyay moTeHiujanHe Mete 3a koopauHoBame AuU(lll) kommiekca.
HajBepoBatHuje je unxubOunuja TrXR w3 MHUTOXOHApPHjE M U3 LMTOCOJIa OATOBOpHA 32
aHOIIT03y.5’6’8 Nuxubunuja TrxXR kommiekcom Au(lll) 3amounibe Be3nBameM KOMIUIEKCA 3a
€H3UM, IITO JOBOIM 10 mopemehaja y cuHTE3W BOJOHUK-Tiepokcuna y hemmju. Kommumna
BOJIOHHMK-TIEPOKCH/Ia C€ 3HATHO MoBehaBa M JJOBOAM J0 NMPOMEHA YHYTap MUTOXOHJpHjE, KOje
Kao Kpajibu pe3yiTaT uMajy MOTIYHY HEMOBPAaTHY OKCHUIALHM]y THOPEIOKCHHA, ILITO j€ MPBU
KOpak Koju Boau ka cMptH henuje (Crnuka 1.12.).26162

Baxno je mamomenytu na je 3a roroBo cse Au(lll) koMriekce akTHBHH METaOOHUT
Au(l) xommuekc, koju Hactaje penykumjom AU(lll) kommuiekca y opranusmy. bunmonu
(Bindoli) u capagHuiu monase Ha WaEjy Aa MPEIOKE HACHTHYAH MEXaHW3aM JeJoBarba
Au(lll) u Au(l) kommiekca. MexaHu3am JefoBama OM ce 3aCHHBA0 Ha MHXHOMIHjH TrXR1 u
TrxR2, nmpu yemy no amomnro3e henuje nona3d HAKOH CIOKEHOT Mpolleca y KOME YYECTBY]€
BEJIMKH OpOj MPOTeHHA M €H3WMa W3 MHUTOXOHJpHje, HyKJIeyca W IHTOILIa3Me, Kao IITO Ce
mosxe Bugern ca Crmke 1.13.” Mako je oBaj THIT MexaHH3Ma aTpaKTHBAH U PHXBATIHUB, TPeba
UMaTd Ha yMy Jia Tope] NMpHKa3aHUX €H3MMa U MPOTEeHHA 3a KOoje ce Bepyje Ja ydyecryjy y

U3a3MBamky CMPTU henuje HaKOH yjacka KOMILJIeKca 351aTa, y heiMju MmocToju joul MpoTeuHa

KOjH MOTY Jla CaJipyKe MecTa 3a Be3uBame joHa 3yata. OBU NPOTEHHH Y CBOM CacTaBy CajpiKe
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IIUCTEUH WJIM METHOHHH, HAPOUHUTO aKO ce y3Me y 003up mpernocraka aa ce Au(lll) peaykyje

y Meky kucenuny Au(l).

Au(II)

KOMILICKC

Muroxon/puja

o Huoxubnnumja |
TrxR

IloBehana
KOHIeHTpanuja
H202

By

—>CMPT REJUAJE

Cnuxka 1.12. [llemamcku npuxas npoyeca Koju ce ooucpasajy y heauju HakoH yHoca
komnaexca Au(lll).

14. MHWurepakuuje pazmmuntux komiuiekca Au(lll) jona ca 6monomkn akTHBHAM

HYKJeo(puImma

Nurepakuuje xomiuiekca Pt(ll) ca pasnuuntum OHOMONIEKYIMMA Mpe CBera CyMIop- U
a30T-BE3NBHMM Cy JI0 J€Talba HCIHTHBAHE, ™ 2 mTo je omoryhmio aa ce ca curypaomhy Mory
MPEABUICTH TOTOBO CBU IMPOIIECH KOJU HACTA]y Y OpraHWU3My NpUIuKoM Tepamnuje. [la 6um ce
MOCTHUTJIA MTO 00Jba CTpaTervja y Mpolecy Au3ajHIupama aHTUTYMOPCKHX KOMIUIEKCa 3J1aTa, a
TUME U 60Jba e(PUKACHOCT OBUX jeIUCHA, HEOITXOIHO j€ TI03HABAaTH HaYMH Ha KOjU MIOMEHYTa

jeaMmema pearyjy ca pa3IMuuTUM OuMoMoJieKynuMa. 3HadajHe MHpOpMalrje O TMOMEHYTHM

MHTEpaKlMjaMa MOTY ce JOOMTHM Ha OCHOBY MCIHMTHBAKA CYINCTUTYIIHOHOHUX pEaKiHja
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komuiekca  Au(lll)  joma ca pa3nmuuuTEM ~ OMOMOJIEKYJIMMAa TP  Pa3IMYUTHM

CKCIICPUMCHTAIIHUM YCJIOBUMA.

EKcTpaneayJapHa Te4HOCT
L-Au-l

heanjcka memopana

IlnTomazma

IIporpamupana heanjcka cMpT

Cnuxka 1.13. IIpoyecu koju ce oosujajy y henuju HaKoH ynacka 31amo KOMNieKca a Koju
00600¢e 0o cmpmu henuje. (Cnuxa npeyzema us Pegh. 7).

Kowmmnexcu 3mara ca eTWIEHIWAMUHOM Cy To3HaTH jom on 1931. roxuse.”

Kommrekcuma [Au(en),Cl2]Cl u [Au(en)Cl2]Cl - 2H,0 oxpeljena je kpucranna crpykTypa.’ ~'>
Kpucranua crpykrypa [Au(en)Cl,]Cl - 2H,0 ykasyje na HaBeeHH KOMIUIEKC UMa KBapaTHO-
mwianapay reomerpujy. Y peakumju [Au(en)Cl,]Cl - 2H,0 kommtekca ca 5°-GMP na pH 2,5
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nonaszu 1o Gopmupama 1 : 1 xomrutekca, mpu uemy ce Au(lll) xoopaunyje npexo N7 atoma
asota u3 5’-GMP. CraGunHocT HarpaljeHOr IpoM3Boja Huje Beduka. w HaBemeHa peakimja
3aBucH o1 PH. Kapakrepuctuuno je 3a [AuCly]’, xkao u 3a apyre Au(lll) xommiekce ga Beoma
JIAKO TIOJUIEXKY XHAPOIIM3U Y BOACHUM pacTBopuMa Ha pH BpemnocTy u3Haz 2,5."%"

UcnuruBama unrepakiuja [AuCly] ca paznmmuutuM HyKIeoTHIMMa U HYKJICO3UAUMA
NOKa3yjy Jla HauyuH KOOPUIMHOBama 3aBUCH O] TUINA HMCIUTHBAHOI HYKJICOTHJA WIIH
HyKJieo3uaa. KapakTepucTHYHO je Ja y peakldju ca TyaHO3WHOM JI0JIa3d JI0 XEJATHOT
Be3uBamwa ryaHo3uHa npeko N7-O6 aroma, nok y peaknuju ca 5’-GMP nonasu no ¢popmupama
N7-(ocharuux makpoxenara.’ >’ Meljyrum, Mory a ce GOPMHIpajy i KOMIUIEKCH KO IITO Cy
[Au(L-N,N")(5’-GMP),] u [(CH3)AUCI(Guo)],”® kox KOjUX HeMa XEIaTHOr Be3HBarba
5’-GMP wunu ryanosuna. [Ipumeheno je na ce u MoHOyHKUIMOHATHU U OUDYHKUIMOHATHU
komruieken Au(lll) koopmunyjy ca 5°-GMP, Ino u 5’-IMP mpeko N7 atoma.®>®® Kon
OM(yHKIIMOHATHIX KOMIUIeKca mpuMeheHo je na Hacraje komruieke tuma 1 : 2.

UcnuruBame untepakuuje komruiekca Au(lll) ca L-His je ox Bemukor 3Hauaja 300r
6uosnomike Baxxuoctu L-His. Kucenuna 3mata H[AUCl,] y peakiuju ca L-His maje mpousBox y
KoMe ¢y aBa Mojekyna L-His xenatHo Bezana 3a Au(lll) jon mpeko o-aMHHO rpyrie U MPEKo
uMuasonoBor nperena.> Peakumja msmely H[AUCl,] u L-His je mpeor pexa. Komruiekc
[Au(en)Cl,]" pearyje ca L-His, mpu uemy Tok peakimje 1 cTaGMIHOCT Harpal)eHOr TIPOM3BOIA
sapucu ox pH.%®° Jlurann L-His ce Besyje xematro 3a xommieke [Au(en)Cly]™ u to mpexo
aToMa asoTa W3 MMumasona n ammHa (Crmka 1.14.).% Ipaheme peakmmje 'H NMR
CIIEKTPOCKOTIMjOM yKazyje 1a ce peakmuja m3mehy [Au(en)Cly]" n L-His nemasa tpenyTHO, a
HAKOH caT BpeMa nonasu 10 peaykuuje Au(lll) y Au(0) y3 ucrospemeny oxcnnauujy L-His.®
V peaxuuju kommnekca [Au(en)Cly]" ca mmumaszonom HacTaje 1 : 2 KOMIUIEKC, IpH 4eMy je,

Kao u KoJ peakimje ca L-His, HakoH cynctutynuje youeHa peaykimja 3nara.®
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(0] OH
Ha
N NH,
\"'l
N/ \N

Ir=

Cnuka 1.14. Cmpyxmypua gpopmyna [Au(en)(L-His)]™

Kommiexke Au(lll) ca nuerunentpuamunom [Au(dien)CI]Cl, (Cnuka 1.8.) cunreTrncan
je 1963. roguue,”’ 10K My je kpucranHa cTpykrypa oapehena 1986. romune.®® V uspcrom
CTalkby OBaj KOMILUICKC MMa TCEYAO0OKTACAapCKy CTPYKTYpPYy, MPU 4YeMy C€ Y jeIHO] paBHU
Hanaze Au(lll) jor u 3a mera KOOpJMHOBaHA TPU aToMa a30Ta W3 JUCTUICHTPHAMHUHA, JTOK
YETBPTO MECTO 3ay3MMa XJIOPUIO jOH. Y aKCHjaIHOM TI0JIOKajy Halla3e ce KOOPAMHOBAHA jOIII
JIBa XJIOPUIO joHa, aimu ¢y oBe Au-Cl Be3e 3HATHO ayXe 01 €KBaTOpHjaIHe, TaKO Jia CE€ MOKE
CMaTpaTH Ja je KOMIUIGKC KBaapaTHo-iuiaHapHe reomerpuje.’® Kapaktepucrndno 3a oBaj
KOMIUIEKC je Ja Jako TyOH MpOTOH ca a30ToBor aroma dien-ckor cucrema, Kao MITO je
npukazano jexnaunHoM 1.2, a pKa Bpeanoct usnocu 4,0 y 0,5 M NaClO4 nim 4,7 y 0,5
MNacl.*®

2+ +
A |
N/w (\N/w
| + H
HZN_TU_—NHZ _— H,N——Au—NH,

(1.2)
Cl Cl
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Y1Bpheno je ma H' jon ommasu ca cpemmer a30TOBOr aToMa AHETHICHTPUAMHIHA, IITO
je motBpheHo peHAreHcKo-KprucTatHoM cTpykTypom aerporoHoBanor [Au(dien)CI]CI(CIO,) u
nporonosaor [Au(dien-H)CI](ClO4) o6mmka.® V neyrpannoj u 6a3Hoj cpeanun xjaopua us

KOOP/IMHALOHE chepe KOMILIEKCa GMBa CyIICTHTYHCAH XHAPOKCHAOM IpeMa jennadntn 1.3.%

oy o

HZN—Au—NHZ +HO —= H N—Au—NH2 + CI

C' OH

Kommreke Au(lll) ca teprupumunom [Au(terpy)CI]Cl, - 3H,0 cunrerucan je 1983.
roxuue,™ kaxa My je ogpehena u kpucranua crpykrypa. Karjon [Au(terpy)CI]? je mianapan,
npu yemy je Au-N Besa y trans mosoxajy y oJJHOCy Ha XJI0pHa0 joH Kpaha ox npyre nse Au-N
Be3e y CiS momnoxajy. CTpyKTypa OBOI' KOMIUIEKCA je IICEyJOOKTaeaapcka, OJHOCHO, Y
aKCHjaJJTHOM TONOXKajy Haiaze ce Besanu mosekyal Hp,O u Cl jon, amm cy oBe naBe Bese
u3pasuto ayre u ciabe. ™

HcnutuBane cy peakiuje Hekonuko nzadbpanux komruiekca Au(lll) jona, kao mro cy:
[Au(en),]Cls, [Au(dien)CI]Cl,, [Au(cyclam)](CIO,4),Cl, [Au(terpy)CI]Cl, u [Au(phen)CI,]CI
(Cimka 1.8.) ca momexymom JIHK in virto.”? Ipumeheno je ma monasu 1o WHTEpakimje
monekyna JIHK 3a kxomruiekcuma 371ata. MehytuMm, y mnuramy Cy eJlEeKTpOCTaTHYKe
UHTEpaKiyje, Koje cy ciaabe u peBep3uOMIIHE M KOje JTOBOJE HajBHIIE 0 KOH(POPMALMOHUX
npomena y moisiekyny JIHK. Mako je enexkTpocTaTiuko Be3WBame JIOMUHAHTHO, YOUCHH CYy U
Jpyryd TUIOBU BE3WBama, Kao INTO je rpaljere KOBaJeHTHE Be3e, all Yy MHOTO MambeM
creneHy. TOkOoM OBUX peakiidja HE JOJa3Hu JI0 PEAYKIIHje Au(III).91 [TocToju Benmuku Opoj
crynuja o wuHTepakijama komruiekca AU(IIl) joma wu mHykmeoruma. Komrmutekcu Tuma
[Au(CHs)2(nucl)Cl], roe je nucl = ameHo3uH, NUTO3MH WM TyaHO3WH, MMajy KBaJpaTHO-
aHapHy reometpujy ca Harpahienom Bezom m3mely Au(lll) joma u N7 atoma asora u3
ryano3uHa, N3 U3 muTo3mHa, JOK KOJ aJIcHWHA Be3a MOXKe Ja HactaHe win npeko N7 aroma

WUTH TIPEKO aMHHO rpyie.
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Cunterucano je Hekonuko komiuiekca AU(Ill) joma tuma [AuCls(nu)], rme je
NU MeTOYwIaHW MPCTEH pa3nuuuTe 6azHoctu (NU = okca3zol, 2,4,5-TpUMETHIIOKCA30J1, THA30I,
5-MerunTnason,  4-metunatvasoi,  4,5-mumerunTtuaszon, — 2,4-apuMmeruiatvason,  2,4,5-
TPUMETHIITHA30J, UMHIA30JI M 2-METWIMMHUIA30JI) M MpOoydaBaHa je KHHETUKA peakiuje
KOMILIEKCA Ca XJIOpHIOM y MeraHomy.” Comuna cepuja kommiekca tuma [AuCls(py)]
(py = nuMpHIMH WM CYNCTUTYHCAHH THPHIUH) je Takohe CHHTETHCaHa M IpOydaBaHE Cy
BbUXOBE pPEaKIMje CYNCTUTYIHMje ca XJopuaoMm. M3 moOujeHuMx pesyiraTa youwsio ce Ja
PEaKTHBHOCT KOMIUIEKCA HE 3aBUCH CaMO OJI KHCEI0-0a3HHMX KapaKTepucTuka, Beh m of
NpUPOJIe UCIIUTUBAHOT JIMTAH[A, TIPH Y€MYy Cy KOMIUIECKH ca MUPHIUHUMA PEaKTHBHHUjU O]
KOMILJIEKCA ca TeTOWIaHUM XeTepouukianma. [IpiucycTBo jeqne Metun rpymne y Ofto monoxajy
y MOJICKYJy JIMTaH/a He YTHYe Ha PEaKTHHOCT KOMILJICKCa, alli KajJa Cy MPUCYTHE JIBE METHUII
rpyIe y Orto moxoxkajy, peakTHBHOCT ce 3HauajHO cMamyje. >

Jlurann bipy je jenan ox nuranaga Koju ce KOpucTH 3a kKoopauHanujy ca Au(lll) jorom
Kako OM ce 100MO KOMIUIEKC JOBOJbHE crabmiHocTH. Hekonuko nepuBara bipy nuranma kao
wto cy: 4,4’-mumerun u 4,4’-auaMuHO AepuBati Dipy nuranaa, ynorpeOsbeHHu Cy 3a CHHTE3Y
onroeapajyhux  KBaJpaTHO-TUIAaHAPHUX  KOMILJIEKCA Au(III).94 JloOujeHn  KOMIUIEKCH
ucnuTUBaHM cy y pekanuju ca JJHK u3 mnasme n ogabpanum mozenom mnporeuHa. JloOujeHn
pe3yaTaTH ykaszyjy Ja je y MHoro BeheMm CTeleHy HU3paX€HO BE3MBAE€ KOMILUIEKCAa 3a
aMHHOKHCEJIMHE M3 TMPOTEHHA, HEero 3a HykJIemHcke kucenuHe. Ilpumehena je penykmuja
Au(l11) jona koja mpatn moMeHyTe peakuje.*

VY peakiuju usmel)y Na[AuCly] u bpma muranma (bpma = bis(2-nmupuauamerin)
amuH), kao u bbpma (bbpma = N-Gen3un-bis(2-nmupuannMeTna)aMmiH) HACTajy KaTjOHCKU
komruieken [AuCl(bpma--H)]" u [Au(bbpma)CI]**. Ammmo xomruiexe [Au(bpma--H)CI]*
JaKo TOAJIe)Ke WHBEp3MjU Ha a30TOBOM aToMy aMuA0 TIpyle, MpOTOHyje ce U Jaje
[Au(bpma)CI]**. Kommrexc [Au(bbpma)Cl]** je Hecrabunan u y BOJCHHM pacTBOpHUMA ce
naxo pasrpalyje npu gemy popmupa [bbpmaH,]CI[AuCI,].*

[MpoyuaBana je kuneruka peakuuje komruiekca [AU(N-O)Cly] (muxnopumo[mupuans-
2-(a-meTokcumeranoinato)|3naaro(l11)) y kojoj monasu 1o oTBapama W CYNCTHUTYIHMjE Xelara.
Kaxo je Be3a Au-O penatuBHO nHepTHa, y npucyctBy LiCl u nepxnopHe kucenuHe peakiuja

TE€YC TAKO IITO IPBO J0JIa3W JO IMMPOTOHOBAKmA aTOMa KUCCOHHUKA, IITO JOBOAW A0 OTBapama
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NpCTEHAa W Be3WBamba XJOPHUIHOT jOHA MM MOJIEKyJa pacTBapaua, Ja Ou MOTOM JOLILIO JI0
packumama Au-N Bese n Hactanka npomssoa [AuCls].%

Peakiuje cyreruTyiuje xopuao turanga u3 komiuiekca [AuCly]” ca muranauma NOy',
No, Br, I' m SCN mnpoyuaBane cy y 3aBHUCHOCTH OJi TEeMIIEpaType W KOHIICHTpAIIH]je
Hykieopwna. Jlooujern pesynratu cy ymnopeheHu ca pesynraTuma JOOWjEHUM 3a aHAJIOTHE
peakuuje komiuiekca Pt(ll) mpu uemy je nodujeno na je paxrop muckpumunamnuje Au(lll) jona
mHoro Behu y nopehemy ca pakropom auckpumunanuje Pt(11) jOHa.97

[Ipahewe cymcrurynmone peakiuje komiiekca [AuCl;]” m L-Met ykasyje ma y
MOYETKYy Jojia3d a0 (GopMupama KBaJpaTHO-IUIAHAPHOT KOMIUIEKCa y KOME jeé aMHHO
KkucennHa koopauHoana 3a AU(III) joH XelaTHO Hpeko aToma CyMIopa W aroMa asora.’
Yop30 HakoH cyncTutynuje noiasu ao pexykuuje Au(ll) y Au(l), koja ce ogurpasa cropo.
Ha ocnoBy IR cnextpockomnuje yrBpheno je na ce L-Met 3aucta koopauHyje xeiaaTHo, 0K je
na ocioBy 'H NMR u *C NMR cmekrapa yrBpljeHo ma je KpajeH IPOM3BOI PEaKije
METHOHHH-CYI(OKCH, KOju HacTaje okcnpanmujoM mernonnHa.” Kommieke Au(lll) joma ca
nupazoani surangaom [AuCly(3,5-Rybpza)|Cl ucnurusan je y peakuuju ca L-Cys. Kao u y
ciydajy peakmnuja ca L-Met, u oBme ce mpomec onsuja y aBa kopaka. [IpBu je Opsa
CyIcTUuTynuja 06a xjaopuao jona momohy nsa mosekyna L-Cys. ¥V oBoM cirydajy He 101a3u 10
XeJaTHOT Be3WBama aMUHO KucenuHe. HakoH cymcturynuje Hacraje peaykiuja Au(lll) y
Au(l), urro je 3uatHo criopuju mpoec. ”

Enmunr (Elding) ca capagHuimma je MHTE3MBHO HCIHTHBAO DPEAKIUje Pa3IUYUTHX
komruiekca AU(lll) ca Hekum on cymIop-IoHOPCKHX JHranana. VMcnutuBama cy ce Oaszupaina
Ha komruiekcuma tuma trans-[Au(CN).X;]” (X = CI" mwmu Br) u trans-[Au(NH3)2Xz]
(X = CI' wmu Br) ca nuranmuma kao ImTO Cy: TUMETHI-CYN(UA, THOLMjaHAT, CYA(HUT,
XUJIPOTeHCYIDUT urn. " Ceu NOOMjeHn pe3ynTaTH yKa3yjy Jla IpBO J10Jla3u 70 peakluje
CYNCTHUTYIIH]€ KOja c€ OJUTrpaBa Beoma Op30, HAKOH yera CJIeId peayKIilMja joHa 3J1aTa, Koja ce
kao mrTo je Beh peueHo, omurpaBa 3HaTHO criopuje. Takohe, mpumeheHo je na KOMIUIEKC
trans-[Au(CN),X;,]" pearyje Opxe om trans-[Au(NHs)2X;] komruiekca, mro ce Moxke
OpUINIUCATH YWIEHULIM Jla YyBoheme IMjaHuga y MOJEKyl Komiulekca nosehaBa
enexrpodumaoct Au(l11) jona, 0%

Kommiekcu Au(lll) ucnutuBanu cy y peakijama ca MenTHIMMa U MPOTSHHUMA KOjU

104

canpke L-His, L-Met u L-Cys.”" Amuno kucenuna L-His, kao u nenrruau koju caapxke L-His,
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nokazajii Cy ce kao joopu nuranau 3a koopauHaruju ca Au(lll) joHom. VYV HaBemeHum
crynujama yrBpheHo je na ce L-His koopaunyje npeko N3 aToma 13 MMHIa30JI0BOT IPCTEHA.
Hacramu Au(lll) koMIuiekcH nokasanu Cy 3aBUHY aHTUTYMOPCKY aKTUBHOCT Ha Pa3uuUTHM
hemujama Ttymopa. Y peakuujama Au(lll) xomiuiekca ca menTuauMa W IPOTEMHUMA KOjU
cajipke aMHHO KucenuHe ca cymropoM, L-Met u L-Cys, mokasano ce 1a mMpBEHCTBEHO J10JIa3H
no penykuuje Au(lll) jona, y3 ucroBpeMeHy OKCHIAIHM]y CyMIIOpa y JaHIly npotenHa. [Iporec
OKCHJIO-PEYKIIMje KOjU C€ Y OBOM CIIy4ajy OJMTpaBa ycJOBJbaBa HAPYIIaBamke CEKyHIapHE U
TepIMjapHe CTPYKTYpE IMENTHAa WM MPOTEHHA 3a KOjU CE Be3yje, YNMEe C€ HajBepOBATHH]E

. 104
oHeMmoryhaBa BHX0Ba HOpMaliHa OHOIOIIKA (QYHKITH]a.
1.5. IepcnexktuBa npumene Au(lll) kommiekca

Ha ocHOBy pocamammux myOnukoBaHUX pesynrata mMoxe ce Bumetu na Au(lll)
KOMIUIEKCH TIOKa3yjy 3Ha4yajHy aHTUTYMOPCKY AaKTHBHOCT, IITO WX YHHU MOTEHIIHjaJTHUM
KaHaugaTuMa 3a Oynyha ucrpaxkuBama. Mely npukazaHMM KOMIUIEKCHMA 3HAa4ajHO MECTO

105 106
komruiekcd Au(lll) ca gurrokapbamarom

3ay3uMmajy nopdupuncku komruiekcu Au(lll),
kao u Au(l) xomriekcu ca (GocHUHCKUM U KapOECHCKHUM muranguva.* % Haxon ycrexa
MOMEHYTHX JEeANCHA YCIEAWIO j€ MHTEPECOBAKE 3a JIMHYKJIEapHE KOMIUIEKCE 3JlaTa THIla
Au(D)-Au(l), Au(liD-Au(lll), xkao u Au(lll)-Au(l), koju Cy CHHTETHCAHU Yy 3HATHO MarmbEeM
Opojy. OHu cy mokazanu 100py aHTHUTYMOPCKY aKTHBHOCT M JaHAac Cy I0Jbe Ha KOMe
MHTE3UBHO pajie MHOIOOpOjHI I/ICTpa)KI/IBa‘II/I.log

Mehy npBum punykiaeapuum komriekcuma AU(lll) cy komIulekcH CHHTETHCAaHU

nonasehn o1 Mononykineapsor Au(l11) kommiekca ca bipy muranzom (Cruka 1.15).8
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_Me3C CMe,
D ST
[PF], /N\ /0\ /N\ [PFel,
| T LW I
Me; C Z . CMe;

[PF [PF

612 612

Auoxo3 : R = Me
Auoxo4 : R = CH,Me;
Auox05 : R = CgHiMe,-2.6

Cnuxa 1.15. /Junyxneapnu xomnnexcu Au(lll) ca bipy auecanoom.

[Mpuka3zanu KOMILIEKCH TOKa3aiu cy in Vitro akruBaoct Ha A2780 henujckoj auHUjU
kapuuHoma jajuuka (Tabema 1.1). Komrutekcu AUOX01 10 AUOX0S Cy MoOKasaid Cpembe
rurorokcuyne kapaktepuctuke (1Cso ~ 10-30), ok je kommiekc AU0OX06 mokasao 5-15 myra
Behy nurorokcuunoct (Tabena 1.1). Ha ocHoBy mogaraka u3 Tabene 1 Moxe ce BUACTH Ja Cy
JTUHYKJICAPHU KOMIUIEKCH TOKa3ajlu Behy IMTOTOKCMYHOCT Yy OJIHOCY Ha oxaroBapajyhe
MOHOHYKJICapHe KOMILIEKce.®

3atuM je ycaemwna cuHTe3a auHykiaeapuux AU(lll) xomrutekca ca phen muranmom
(Cnuka 1.16). OB KOMILUIEKCH Cy TIOKa3yJH iN Vitro aktuBHOCT Ha BeheM Opojy TyMopa, Kao 1
noBehaHy CEJIEKTUBHOCT y OJTHOCY Ha OJroBapajyhe MOHOHYKJIeapHe KoMILTeKce. Takohe, u
nunykieapan komruiekck tuna [(N,N,C),Auz(m-0)][PFs]2, (N,N,C = TpuneHTaTtHH Jurasn,
M-O = MOCHHM KHCEOHHKOB aTOM) j€ IMOKa3ao O00JbY ITMTOTOKCHYHOCT OJf aHAJIOTHUX
MOHOHYKJICapHIX Komrutekca, ™! mTo oBom 10 3aKibydka Ja MONHHYKICAPHOCT TTO3HTHBHO

112
yTuue Ha noehame OMOJIOIIKEe aKTUBHOCTH.
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=3 =3 [ ™
N OH N o N2
-\ N Nl s
[PFe] WY [PFel2
25N Non 23N Yo NS
) > 2
AuOH Auoxob

[PFel2

Cnuxa 1.16. [unyxneapnu u mononykneapuu xomniexcu Au(lll) ca phen auecanoom.

IMopen nunykneapuux kommiekca Au(ll)-Au(lll) jona, cuHTeTHCAHM Cy H
nuaykineapan  komruiecku tuma  AU(lI)-Au(l). Y oBoj rpymum KoMIUIeKca HalasM ce
munykineapan  komruiekc  Au(lll)-Au(l) ca pbiH muranmom (pbiH = 2-(2'-nupumwn)
6ensumuaazon) (Ciuka 1.17). bruosorika akTHBHOCT OBHX KOMIUIEKca je obehaBajyha, jep cy
NoKa3ajlu 3a/l0BoJbaBajyhy cTaOMIHOCT MpH (DU3HMOJOIIKMM YCIOBMMA, KAao M 3HadajaHy

09

murorokcranoct. ' Jlunykreapan  Au(l)-Au(lll)  u  Au(ll)-Au(l)  xommexkcn ca

N-XeTepOIMKINYHUM OuUC-KapOSHCKUM JIMTaHAOM Cy ce, Takolhe, mokasaiu Kao CTaOUITHU U Y

OyayhuM ucTpakuBamMMa FOTOBO CUT'YpHO he moka3atu 3HauajHy OMOJIOMIKY axTHBHOCT.'
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Cnuxa 1.17. Junykneapnu xomnaexcu AU(II1) - Au(l).

TpeHyTHO ce HCTpakMBamka y 00JACTH aHTUTYMOPCKHMX KapaKTepUCTHKA JEIUI-EHa
3/ata, TOpe] CHHTEe3e TMOJMHYKICapHUX KOMIUJIEKCa, 3acHMBA)y HM Ha Kopulihemy
N-XeTepoluMKIMYHUX KapOeHCKux muraHaa. OBU JHUTaHAM HMajy H3y3€THE EIEKTPOH-
JIOHOPCKE CIIOCOOHOCTH, Ta CXOJHO TOME€ W MOTYhHOCT Ja CTa0WiIu3yjy JOH 37aTta y
onpehenom okcumanuoHoMm cramy. [losnaro je ma Au(lll) kommuiekcn BeoMa JaKo MOIJICKY
penykiju y npucyctBy trosna. Kommiekc Au(lll) ca NNN kapbenckum muranauma, HoIPI
(u3odranna kucenuna) u H,BPB (1,2-bis(2-mupuanuakapOokcamMui0)0eH3eH) Y OpraHUu3My
nouiexe peaykuuju y npucyctsy GSH wu nmaje omrosapajyhu Au(l)-NHC xommiekc koju
MoKa3yje aHTHUTYMOpCKe KapakTepuctuke. OBaj mpomec je mpahen ociobahamem
¢dIyopecleHTHOT JWTaHJa, INTO Tra YWHA TOTOJHUM 3a JETEeKIUjy Tuola y hemuju

(Crnka 1.18).1*
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2 GSH GSSG
;..4;
+GSH

Cnuxka 1.18. Peoyrkyuja Au(lll) y Au(l) y npucycmey GSH (Cnuxa npeyzema us peg. 114).

bJIEBA

Ha kpajy tpeba ucrahu mga Au(lll) xomruiekcu mnpeacraBbajy HOBY TeHEpalujy
AHTUTYMOpPCKHX areHaca. OBHM KOMIUIGKCH HCIIOJbaBa)y Behy IMTOTOKCHMYHOCT, Behy
CEJIEKTUBHOCT M Mamy PE3UCTEHTHOCT Yy OJHOCY Ha KOMIUIEKCE TUIATHHE W CBAKaKO MMajy
noTeHIMjaa 3a (apMakoIomKy ynorpeOy. PasymeBame MexaHn3zMa o KOME OBU KOMIUIEKCH
UCI0JbaBajy CBOj€ I€JCTBO j€ O] BEIMKOT 3Hayaja.

Kako 0m ce pgedunucao omgHoc wusmely cTpykType W (yHKIOHje HOBE TpyIe
UTOTOKCUYHUX ¥ TIOTEHIMJATHO AHTUTYMOPCKUX jEUICHa, y OKBUPY OBE JTOKTOPCKE
Jucepranyje TpoydaBaHa je wuHTepakiuja usMmehy wHekux AU(lll) xomrutekca u JTHK

(parmeHara, kao u ca aMuHOKHcenuHoM L-His.

1.6. CyncTurynmuoHe peakuuje KOMIJIEKCHUX jeIUbermha

CynCTUTYIIMOHE peakiidje KOMIUIEKCHUX jJeAUmhEeha MOy OWUTH eJeKTpoduiHe
(Sg) unu mykineodpwmiHe (Sy) y 3aBHCHOCTH OJ1 TOTA JIa JIM Y TPOIIECY CYICTUTYIIH]jE J0Ta3H JI0
3aMeHe IIEHTPATHOT jOHA MeTaa WIH JINTaHajaa. YKOJIUKO C€ Y TOKY PEaKIHje CYNCTHUTYHIIE

JOH MeTaJia Tj. €NeKTPOPIII, y TUTAKY j€ peakinja eIeKTpoPuiIHe CYIICTUTYIH]Ee, jeTHAYNHA
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(1.3), a yKkonMKO ce BpUIM 3aMEHa JMraHala, KOMIUIEKC MOJJIKE PEaKIHju HYKICOPHITHE

cyncruTynmje, jennagnna (1.4). 1210

[ML] + M= [ML,] + M Se (1.3)
[ML] + X = [ML1X] + L Sn (1.4)

Hyxkneodunne cyncrutynmone peakiuje, npema Jlanrdopay (Langford) u I'pejy
(Gray),** oxBujajy ce mo Tpu pasnuunta mexanmsma (LLlema 1.1):

» JucouujatuBHoM Mexanusmy (D)
» AcouujaTuBHOM MexaHusmy (A)

» Mexanusmy uzmene (1)

I mexanuzam

Hlema 1.1. Mexanuzmu HyKieouine cyncmumyyuje KOMIIEKCHUX jeOurbervba.
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Kon muconmjatuBHor wmexanusma (D) y mpBoM cTymmy peakigje A0ia3d J0
JTUCOLIMjanrje jeqHor Juranna L w3 xoopauHammoHe cdepe KOMIUIEKca, NMPU YeMy HacTaje
UHTEpPMEIIUjep ca CMambEeHUM KOOPAMHAIMOHUM OpojeM. VY cienehem crynmy yna3HU JUTaH
X ce Be3yje 3a IeHTpalHu joH MeTana. C 003upoM Ja je IPBU CTyIalk peakifje CIOpHjU, OH
onpehyje ykynmHy Op3uHY peakiiuje CYIICTUTYIIH]E.

Koxa acomnmjaruBHor mexanusma (A) y npBoj ¢asu ymasHu jurann X ce Besyje 3a
IEHTPAIHK JOH MeTayla, Tpajehu WHTEepMeaujep ca moBehaHMM KOOpAMHAIMOHUM OpojeMm, a
3atuM, y Apyroj ¢asum omnmazehm nurana L HamymTa KoopAWHAIMOHY cdepy KOMIUIEKca.
Peaknuja rpahema naTepmenujepa ca nopehanHuM KOOpAMHALMOHUM OpojeM je criopuja u oHa
onpehyje Op3uHy OBOT TIpoIeca CYICTHTYIIH]E.

Mexanuzam u3mene (l) je mporec koj kora ce, y pBoj (hasu, ynasuu gurana X Besyje
€JIEKTPOCTATUYKUM CHJIaMa 3a CIIOJballllhy KOOPAUHAIMOHY cepy Komiuiekca. [Torom monaszu
70 MHTpalje yJIa3HOT JIMTaH[a U3 CIOJbAIllbe y YHYTpalllhy KOOPAWHAIMOHY chepy y3
UCTOBpPEMEHY MUTpanujy omiaseher nuranaa L u3 yHyTpamme y criojbammby KOOPAMHAITUOHY
chepy. Kpajmu nporec je packugame Bese usmely xomrmuiekca u oanaszeher nuranaa. OBaj
MeXaHu3aM, 3a Pa3JIMKy OJi MPETXOJHA JiBa, HEMa HHTEpPME/Hjepa, alld MOCTOJH IPEJIa3HO
CTame, Tj. MPOLEC TOCeAyje CBOjJy €HEpPrujy axkTHBHpama. MexaHu3aM H3MEHEe CE MOXe
noaenuty Ha Iy u Iy Mexanusme. YKOIMKO MpOLeC pacKuiama Be3e UMel)y IEeHTpPaTHOT joHa
Mmetana M ojuiazeher nuranaa L umma Behm yrtumaj Ha Op3uHY peakluje, MEXaHH3aM cCe
oOenexaBa ca Iy, a ykonuko mponec ¢popmupama HOBE Be3e u3Mel)y IEeHTpaHOT joHa MeTaja
W ynazHor juranga X uMa Behw yTuia) Ha Op3WHY XEMHjCKE peakilfje, MeXaHu3aM Cce

115,11
oOeiexaBa ca I,. 5116

1.7.  AKTHBaNMOHHM MapamMeTpH

OnpehuBame MexaHM3Ma XEMHUJCKE peakIi[dje 3aCHUBA CE€ Ha aHaM3W JI00M]jEHUX
BpPEJHOCTH TepMOJMHAaMUUKHX mapamerapa (AH”, AS”, AV?), koju kapakrepuiry oapehenu
nporiec. Jenan o OMTHUX TOJaTaKa je BPEIHOCT KOHCTaHTe Op3WHE XeMHjcKe peakuuje k, 3a
yuje oapehuBame MOCTOjU BETUKU Opoj eKCIepuMEeHTaTHMX MeToaa. M30op oarosapajyhe
METO/Ie 3aBUCH KaKO OJ Op3uHE Ipoleca KOju ce MpoydaBa, TaKO M OJf OCOOMHA y4EeCHUKa

. . 11711
xemujcke peakrmje. 8
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[lo3HaBame BpPEAHOCTH KOHCTaHTE Op3MHE XEMMJCKE peakiyje Ha pPa3IuuuTUM
Temreparypama omoryhaBa onpehuBame OCTaIMX TEPMOJMHAMHYKMX IapaMerapa.
Bpennoct enepruje aktuBupama E, oxapehyje ce momohy Apenujycoe (Arrhenius)

jeanaunne (1.5). 17119

k =k exp(~E,/RT) (1.5)

y Ko0joj je k koHcranTa Op3uHE XeMmHjcKe peakuuje, ko ¢akrop yudecranoctu, R racha
KoHCTaHTa W T Temmeparypa Ha Ko0joj je onapeheHa BpeaHOCT KOHCTaHTE Op3HWHE.

JloraputmoBameM jennaunne (1.5) nobuja ce u3pas:

Ink = Ink, —E,/RT (1.6)
y KOMe TocToju juHeapHa 3aBUCHOCT INK ox 1/T. OBa 3aBHUCHOCT je JHMHEapHa y YyXKeM
temneparypaom wuHTepBany ox 30 — 40 °C. To 3Haum na ce TO3HABAKEM BPEIHOCTH
KOHCTaHTE Op3MHE XEMHjCKE PeaKIlHje 3a HajMamke TPH TeMIleparype, TpaduakuM IyTeM MOKe
OJpeUTH BpeaHocT wiaHa —E,/R, 0QHOCHO, BPEIHOCT €HEPruje aKTHBHUpPamha 3a M3y4aBaHy
pearcrpujy. 17118

[Ipomena enTannuje aktusupama AH” onpehyje ce u3 jennauune (1.7).
AH” =E, —RT (1.7)

[IpoMena enTponuje akTuBHMpama AS™ je BenMYMHA KoOja MNPENCTaBba MEPHUIO
HeypeheHOCTH cucTemMa, OXHOCHO, TpoMeHy cioboxne (Gibbs-ose) enepruje AG™ ca

npoMeHoM Temreparype T u Moxe ce uzpa3utu momohy jenHauune (1.8).

[O'(A—G)j —_AS? (1.8)
aT

Bpennoct AS” onpelyyje ce Ha ocHoBy Ajpunrose (Eyring) jexnaunne (1.9).

RT ([ AG”
k=T | - 1.9
Nh Xp( RTJ (9)
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C o63upoMm ga ce mpomeHa cinobonHe eHepruje AG” Moke M3pasHTH NPEKO IPOMEHE

CHTAJIIUje aKTHBHPakha U IPOMEHE SHTPOIIH]je aKTUBHPamwa, jeaHaunHa (1.10)

AG” = AH™+ TAS” (1.10)

3ameHoM y u3pasy (1.9) noduja ce jennaunna (1.11).

RT AS” AH”
k=—=¢ exp| — 1.11
Nh xp( R pr[ RTJ ( )

JloraputmoBameM jeaHaunne (1.11) nobuja ce jenHaunHa:

In k =In R +AS _AH (1.12)
T Nh R RT

Ha ocuoBy jemnaunue (1.12) Bumumo ma moctoju suHeapHa 3aBucHocT In(k/T) omx 1/T.

U3 rpaduukor npukaza oBe jeqHaUYMHE, Tj. U3 Haruba nobujeHe mpase oapehyje ce BpeaHoCT
NIPOMEHE CHTAJNHUje aKTHBHpama, a M3 OJICeUKa IMpaBe M3padyHaBa C€ BPETHOCT MPOMEHE
enTponje akTuBuparma. [Ipeu wian In(R/Nh), je koHcranTa 1 Ha 25°C u3Hocu 23,8.191%0

IToBe3aHOCT KOHCTAaHTe OpP3MHE XEMHU]CKE PEAKIHje€ M MPOMEHE 3alpPEMUHE aKTHBHpama AV™

nara je Baut-Xodosom (Van't Hoff) jeqnaunnom (1.13).

(d(lnk)) _ AV’ (1.13)
& ); RT

Bpennoct 3a AV” no6uja ce npahemeM IpoMeHe KOHCTAHTE Op3MHE XEMHjCKe peakuuje y

3aBUCHOCTH O] IPUTHCKA, & Ha OCHOBY jeaHaunne (1.14)

AV* =—bRT (1.14)
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y K0joj b mpencrassba Haru6 npase Ink = f(P). 3anpemuna akTusupama AV” cacToju ce u3 asa
yaHa, jennaunHa (1.15).

AV;t = Aviim + AV¢50| (1.15)

IIpBu uman AV OJHOCH ceé Ha NPOMEHE Y HMHTEPHYKIEAPHHM pacTOjarbuMa U
YIJI0BAMA Be3a INPUIMKOM HACTajamka aKTUBMPAHOI KOMILIEKCa, JOK JApyrd uwiaH AV g
OTHCYje TIPOMEHE Y HaelIeKTPUCamYy, KA0 U JUIOTHE HHTEPAKIM]je Y AaKTUBUPAHOM KOMILIEKCY.
3ar0, YKOJMKO pearyjy HaeJeKTPHUCAHU jOHH Yy TPOLECy CYINCTUTYIH]e IOMPUHOC IPYror
ygaHa MoO)ke OWTHM Behum oj mpBOr, ma BPEIHOCT 3alpEeMHUHE aKTUBHpama HUjE TOYy3JaH
KpUTEpUjyM 3a ofpehuBame Mexanu3ma. Melytum, kajga y TOKy mpoiieca CyrCTUTYIIje HeMa
IpOMEHA Yy HaeJeKTpUcamy, Apyru wiaH y jeanaunHu (1.15) Moxxe ce 3aHemaputy, Tj. Tajaa
3alpeMHHA AaKTHBUpama 3aBHCH caMo of AV Y ToMm Clly4ajy j€ BpEIHOCT AV”

. . . . 121,122
HajIIOY3JaHUJU KPUTEPUJYM 3a oipehuBame MexaHU3Ma CylcTuTyuuje.

1.8. OapehuBame MexaHH3Ma HYK/J1eO(PHIHUX CyNICTUTYIHOHUX pPeaKknuja

OpnpehuBame MexaHU3Ma HyKJI€O(pUIHE CYIICTUTYLIMOHE PEAKIIM]je BPIIU CE€ Ha OCHOBY
BPEIHOCTH TEPMOIMHAMHMYKHX Mapamerapa, > % koju KapaKTepHIly MpOy4aBaHH MpPOIEC.
Jenan on mapamerapa momohy Kora ce Ha BpJIO jeIHOCTABaH HAYMH MOXKE MPETUMHHAPHO
OJIpEIUTH MEXaHHW3aM CYIICTUTYLIMjE€ jeé KOHCTaHTa Op3uHe Xemujcke peakuuje. Ha ocHoBy
jeAHaYMHa KOje KapaKTepuIly Mpolece TUCOLUjaTUBHOT, aCOL[MjaTHBHOT M MEXaHU3Ma U3MEHE
(IIema 1.1.) Buau ce fa je mpouec CyNCTUTYLHMje MO AUCOLM]aTUBHOM MEXaHU3MY peakija
IPBOT pefa, a 10 acoLMjaTUBHOM MEXaHHU3My peakuuja apyror peaa. C TUM y Be3H, YKOJIHMKO
ce TPWJIMKOM M3ydaBama HEKe peakilije yCTAaHOBHU Jia TIPUPO/Ia YIIa3HOT JIUraH/a He yTHYe Ha
Op3uHy peakiuje, Taja ce paad O JUCOIMjaTUBHOM uiu Iy Mexanusmy cymcrutynuje. U
OOpHYTO, YKOJHMKO Op3WHa XEeMHJCKE peakiije 3aBUCH O]l INPHUPOJE YIa3HOI JIMraH[a,
peakiuja ce JelaBa 1o acoLHjaTHBHOM M I, Mexanm3My cyncrutymmje. >

[Toy3ganmju kputepujyMm 3a oapehuBame MexaHW3Ma je TIO3HABAKkE BPEIHOCTH
npoMeHe eHTponuje akTuBupama AS”. TlomTo je €eHTponMja aKTUBUparma MEPHIIO

HeypeheHoCTH cucTeMa, a Ha OCHOBY Ca3Hama Jja ce KOJ Pa3IMuuTUX MeXaHu3ama (popMupa

uHTepMenujep ca BehoM mim mamoM Heypehenomrhy, oBaj napamerap omoryhasa oapehuBame
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MeXaHHu3Ma CyrnctuTtynuje. ¥ ciydajy D MexaHm3Ma HacTaje WHTEPMEAHjep ca CMambeHUM
KOOPJAMHALIMOHUM Opojem, onHocHO, nosehaBa ce HeypeheHoct cuctema m AS” nma
NO3UTHUBHY BpenHocT. Kos aconujaTuBHOT MeXaHU3Ma HacTaje MHTepMeaunjep ca nosehanum
KOOPAMHALIMOHUM OpojeM U cMamyje ce HeypeheHocT cucrema, oqHOCHO AS™ UMa HeraTHBHY
BpeaHocT. Y caydajy I Mexanuszma AS™ je mpuOIMAKHO jeTHAKO HYIIH.

Hajnoy3nanuju kputepujym 3a oapehuBame MeXaHH3Ma j€ BpPEAHOCT IPOMEHE
3anpeMuHe aKTHBHpama. 2% Y3umajylin y 0G3up BpCTy MHTEpMEAMjepa KOJ PasInaHTHX
MexaHu3ama, nmopehame npurtrcka he yop3aBaru peakiuje Koje ce AeliaBajy o A MexaHusmy,
a ycropaBaTu peakuuje mo D Mexanusmy. 3aTo, HeratusHa BpeaHocT AV” ykasyje Ha A wn I,
MEXaHM3aM, a MO3MTUBHA BpenHocT AV™ ykasyje Ha D mmm Iy Mexanusam cyncrutynmje. Y

CIIy4ajy MEXaHHU3Ma U3MEHE, IPUTHCAK He YyTHUe 3Ha4YajHHje Ha Op3UHY CYIICTUTYLH]E.

@ Vnasuu murann
V [3 mol] ¢
_— . V3na3Hu JTHMraHg
W
D
AV <<0
% Q b
AV =0
| o [IPOH3BOIAH
'N
G |a
AV >>0
peaKkTaHTH
@ A
—
PeaknuoHa KOpAHHATA

Hlema 1.2. [llemamcku npuxas pasmudumux munoea MexaHu3ama cyncmumyyuoHux

peaxyuja 3a jeOan 3amuuiber ~pasan’’ KOMNIexc.
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1.9. CyncrutyuuoHe peakuuje KBaJApaTHO-IVIAHAPHUX KOMILJIeKCa

C o003upoM ma cy y OBOM pajay M3ydaBaHE CYICTUTYLIMOHE PEaKIMje KOMILICKCHHX
jemumema AU(lll) jona, koja cmagajy y rpyiy KBaapaTHO-IDIAHAPHUX KOMILIEKCA, HEOMXOAHO
je yIO3HaTH ce ca OCHOBHUM KapaKTEpUCTHKaMa CYICTHTYIIMOHHMX peakilfja OBE TpyIe
XEMHU]JCKUX jeTUHCHA.

[Mopen Pt(I), kBamparHo-ruianapue komruiekce rpajae jorr Pd(II), Au(IID), Ir(T) u Rh(l).
Omira GopMyiia OBUX KOMILUIEKCHUX jeaumema je [MLiL,TX], ogHocHO, OHE ce cacToje o1
[ICHTPAJTHOT jOHAa MeTana M 4eTupu Jimranga. OBa rpyna KOMIUIEKCHUX jeIHI-EHa TOCemyje
Dan TPYIly CHMETpHje, TaKO [a Cy Be3e METal-IHTaHi ycMepeHe Iyk X- u y-oce.’’ Ilemame

d-opOuTana y KBaapaTHO-IUIAHAPHOM JIMTaHJIHOM I0JbY MpHKa3aHo je Ha Cowmm 1.19.

|

d:

7-

A— d\ld\/

nodyheno OKTaea1apcko KBaJ1paTHO-IUVIAHAPHO
CTame THIFAHIHO IHTraHaHo

noJse noJse

Cnuxa 1.19. [Jenare d-opoumana y K6a0pamuo-nianapHom iueaHOHOM No/b).
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. : 115,116
PeaKI_[I/I_]a CYIICTUTYHJE€ JIMIraHIa KOJ KBaJApaTHO-INIAHApHHUX KOMIIJIEKCa

npukazana je Ha [llemn 1.3.

T X + Y T M- Y + X

Illema 1.3. Peaxyuja cyncmumyyuje 1ueanoa K00 K8AOpamHo-nIaAHAPHUX KOMNILEKCA.

Ha ocnory Illeme 1.3. Moxe ce BHIETH Ja y KOOPAMHALMOHO] cepr KOMIUIEKCa
JOJIa3d JI0 CYICTUTynHje Jimranaa X ynasHuM jurangoMm Y. Jlurang T ce Hamaswm y
trans-nomnoxajy y ogHocy Ha oanazehu nurang X .

CyncruTynyone peakiuje KBaJIpaTHO-IUIAaHApPHUX KOMILUIEKCa OJIBUjajy ce€ IO [JBa
KMHETWYKa myTa. JemaH je ms3s6. QUPEKTHA HYyKJIeo(UIHA CYINCTUTYIMja OKapakTepHucaHa

KoHCTaHTOM Ky, jennaunna (1.16).
ko
[MLLTX] + Y &= [MLL,TY] + X (1.16)

JIpyrH je CONBOJMTHYKH IyT, OKapaKTepHCaH KOHCTaHTOM Op3uHe Ki, mo xome ce y
npBoj a3y BpIIM CYNCTUTYLM]ja JIuraHaa X pacTBapadyeM S, a IOTOM, Yy JIpyroj (a3u Juranj

Y yna3u y KoopJUHALMOHY chepy KOMITIeKca, 3aMemy]yhn MojIeKkys pacTBapaya.

k
[MLLTX] + S == [MLyL,TS] + X (1.17)
[MLL,TS] +Y =— [MLyL,TY] + S (1.18)

W3pa3 3a Op3uHy CYNCTUTYLIMOHE peakiuje o0yxBaTa o0a KMHETHYKa MyTa M MpHUKa3aH je

jennaunHom (1.19).
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BRZINA =k, [ML,L,TX]+k,[MLL,TX][Y] (1.19)
OJHOCHO
BRZINA= (k, + k,[Y)IMLL,TX] (1.20)

Ha Illemmn 1.4. mpukazaH je MeXaHW3aM CYICTUTYIHj€ JIMTaHJa KOJ| KBaJpaTHO-
iaHapaux komruiekca. M3 Illeme 1.4. mMoxke ce BHAeTH Ja yna3HH JUraHn Y TMpHiIa3d
KBaJpaTHO-TUIAHAPHOM KOMIUIEKCY TOJI HOPMAaJHUM yrioMm, ¢opmupajyhu kBampatHy
nupamuay (3). Hacrana kBagparHa nupamuaa ce TpaHcHOPMHUILIE y TPUTOHATTHY OUITHpaAMHITY
(5), a moTom 1OHOBO y KBaapaTHy nupamuay (7), aau ca omrazehuM JuraHaoM X Ha BPXY
nupamuie. Ha kpajy mporieca cyncTuTyuuje, packuaameM Bese u3mely merana u nuranga X
NOHOBO ce (hopmupa KBaapaTHO-1IaHapHu Komiuieke (9). [IpenasHa crama cy okaparepucana

nonioxkajuma 2, 4, 6 u 8.

4
E <
. 6
8
3
% 7
i L2 5 X
, T—M—X L2 o L
§ | L : nl/l T—ME—Y
Lo I ‘Y Ly
T—M——-X L4 5 15
L1 T—M—Y
4

Hlema 1.4. Mexanuzam cyncmumyyuje iueanoa u enepeemcku npopui peaxyuje

cyncmumyyuje KooKkeaopamuo-niaHapHux KOMnieKca.
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Ha Op3uHy ojBHMjama CYNCTUTYLIMOHUX pPEaKifja KBaJpaTHO-TUIAHAPHUX KOMILICKCA
yrudye Behu Opoj ¢akTopa, y Koje cmaaajy: yTHIQ] HEHTPAITHOr jOHAa MeTana, edekar
omrazeher nwranma, edekar yia3HOT JHWraHaa, yTUIQ] JIMTaHJAa KOJU C€ Hallasu y
trans-nonosxkajy y omHocy Ha omnasehu murann (trans-egexar). ExcriepiMeHTaIHU yCIOBH
MoJ KOjuMa ce CYICTUTYIIMOHA peakiidja oABHja (pacTBapad, jOHCKa cuja pacTtBopa, pH

BPEIHOCT, MMPUCYCTBO KaTAIM3aTOpa UM HHXHOUTOPA) Takohe yruuy Ha Op3uHY peakiiyje.
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3AJATAK PAJIA

Tema [OKTOpCKEe JaucepTalyje je UCIHUTUBAKkC KHHETHKE W MeXaHu3Ma
cyncturynuonux peakmmja Au(lll) kommiiekca W OHONOIIKM PEIEBAaHTHHX JIMTaHaa
L-xuctumuna  (L-His), wuno3mna  (In0),  wmHO3MH-5'-moHOpoOchara  (5'-IMP) wu
ryano3us-5-monogpocpara (5'-GMP). Komruteken Au(lll), xopumhenn 3a kuHETHYKA
UCIUTHBAKA, TECTUPAHH Cy Yy IN VILro ycioBuMa Ha pa3iuuuTUM henujama TymMopa Kao IITO
cy: CLL henwmje, 4T1 hemmje, A549 enurena henujcke nmHuje kapuuHoma rmiyha u hemuje
jajoBoma, pamu oapehrBama HUXOBE IIUTOTOKCUYHOCTH. [Topen Tora, HCUTHBaHa je u in Vivo
aktuBHOCT KomIutiekca AU(Ill) y cmpedaBamy pacta Tymopa mojke kox BALB/C muma.

HaBeHGHa HUCIIMTUBamka MOT'y CC€ IIOACIMTH Ha CJICI[ehI/I Ha4YuH:

1. UcnutuBambe KHUHETHKE CYICTUTYIMOHHMX peaknuja MoHopyHkinoHamaux Au(lll)
komiuekca, [Au(dien)CI]* u [Au(terpy)CI]**, u GuONOWKY peleBaHTHUX JIWraHaxa
L-His, Ino, 5-IMP u 5'-GMP y 25 mM Hepes nydepy (pH = 7,2) y npucycrsy NaCl,
y GYyHKOUjU KOHIIGHTpaluje JHraHaga u Temmneparype Ha Stopped-flow
CHEKTPOPOTOMETPY.

2. Kuneruka cynctuTyunoHux peaknuja Oudynkumonamaux Au(lll) kommiekca,
[Au(bipy)Cl2]*, [Au(dach)Cl]*, [Au(en)Cl]" u [Au(SMC)Cl,]", un asor-Be3uBHHX
muranana L-His, Ino, 5-IMP u 5-GMP wucnutuana je y 25 mM Hepes nydepy
(pH = 7,2) y npucyctBy NaCl, y ¢yHKIHju KOHIIEHTpalMje JUraHaia u TeMreparype
Ha stopped-flow cniektpodoromerpy.

3. Msyuaame murtorokcmuynoctd Au(lll) xommexca, [Au(en)Cl]" u [Au(SMC)CI,]",
in vitro na henujama xpoHuuHe JTUMQPOLUTHE JIEyKeMHUje T0OHjeHE U3 KpBHU OOJCCHUKA
ca xpoHnyHoM JuMmdormtHOM seykemujom (CLL). McnuTuBame MUTOTOKCHYHOCTH
Au(lll) xommiexca, [Au(en)Cl,]*, [Au(SMC)Cl;]" u [AuCly(DMSO),]", na 4TI
henmjckoj MUHMjKM Tymopa Jojke Mumia in Vitro m in Vivo m ynopehuBame HBUXOBE

AHTHTYMOPCKE aKTMBHOCTH ca mucrutatuaoM, Cis-[Pt(NH;).Cl,]. Takohe mpoyuaBana
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je muroroxcuunoct [Au(en)Cl,]*, [Au(dach)Cl,]" u [Au(bipy)Cl,]" na A549 henujckoj
JMHUJU enuTesa KapiuHoma miyha momohy tecrosa rurotokcuynoct (MTT u LDH)
u Tecta amonrtose. OnpehuBan je m yrumaj aypormomanata, [Au(bipy)Cl]" u
[Au(DMSO),Cl,]" kommiexca Ha TOKpeT/HUBOCT henuja M307I0BaHMX jajoBOIA KOJ

JKCHa.

4. JI®T uspauyHaBama 3a CYICTHTYLHOHE peakiuje MoHodyHKimanaux [Au(dien)CI]*
u [Au(terpy)CI]** kommexca.
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2. EKCIIEPUMEHTAJIHM AEO

2.1. Pearencu u pacTBOpH

3a CHUHTE3Yy H3ydaBaHHUX KOMIIJICKCA 3JilaTa Kao II0jJa3Ha jeI[I/Hbefba KOpI/IIHheHI/I Ccy
K[AuCl;] (ABCR GmbH & Co. KG, Germany) u H[AuCl;] (ABCR GmbH & Co. KG,
Germany).

Hykneodumu Ino, 5’-IMP, 5°-GMP u L-His na6assbenu cy ox Fluka u Acros Organics.
Jluranau terpy, bipy, dach, en, SMC u DMSO, na6asibenu ox Fluka, Acros Organics wiu
Sigma Aldrich, kopumihenu cy 0e3 npeaxoaHor npeuninhaBama.

Kommutekcu [Au(dien)CI]CI, [Au(terpy)CI]CI, [Au(bipy)CI,]JCI u [Au(en)CI;]CI cy

: 123-126
CUHTCTUCAHU II0 paHU]JC HY6J'II/IKOB8.HI/IM Imocrynuuma.

Uucroha nobujeHux jenumema
notBphena je emementamnom amammsom, Uv-Vis crekrpodoromerpujom, IR u 'H NMR
CHIEKTPOCKOITH]OM.

[ucrunatuna, Cis-[PtCI,(NHs).], (Aldrich), D,O (DeuteroGmbH 99%), Hepes mydep
{N-2-xunpokcuernnmunepasun-N’-2-erancynduana xucenuna} (Aldrich) cy, Takole,
kopuitheHu 6e3 mpeaxoHor npevnihaBama.

Cyncrutyimone  peakigje  [Au(dien)CIJCl,  [Au(terpy)CI]CI,  [Au(bipy)CI,]CI,
[Au(dach)CI;]Cl, [Au(en)CI;]Cl, [Au(SMC)CI;] u [AuCly(DMSO0),]Cl komrmiekca cy
uzyyaBaie y 25 mM Hepes nydepy. Hepes mnydep je wmzabpan u3 paziora mro je
BOJIYMUHO3HH]H MOJICKYJ y OJHOCY Ha tris mydep, ma je BesuBame Hepes mydepa 3a jone
MeTaJIa yCliel CTEPHUX CMETHbH MTOTITYHO HCKIBYYCHO. 2’

3a UcUTUBake MUTOTOKCUYHOCTH KopuitheHe cy cienehe cyrncraHie: cepyMm roseher
deryca (FBS), xpanwmuBu wmemujym RPMI 1640, nenummma G, CTpenTOMUIIMH,
3-(4,5-mumerrnTrason-2-un)-2,5-nupenmin-rerpazonujym-opomus (MTT), docbhatau mydep

(PBS), tpunan-tiaBo obojeme, HabaBbeHn on Sigma Chemicals, Hemauka. MukpotuTap ca
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96 otBOpa U 1IOUE HabaBbeHU Ccy o Sarstedt, Hemauka, a Haemaccel ox Theraselect Gmbh,
Hemauka.

CBH BOJICHM pacTBOPH IPHUIIPEMAHU CY Y OUIECTHUIIOBAHO] BOJIH.

2.1.1.CunTe3a KOMILIEKCHHUX jeIHIbEeHha

A) CunTtesa [Au(dach)Cl,]Cl kommiekca:

Kommiekcna co 3matra K[AuCly] Hajupe je pacTBopeHa y Mayioj KOJIMYHMHHA BOJIE
(0,2g, 0,5 mmol). Jlurana 1,2-auamunnukinoxekcad (dach) (0,2g, 0,5 mmol) pactBopen je y
cmermn MeOH/H,0 (1:1, v/V) u nonmat y kanuma y pactBop K[AuCly]. Peakunnona cmeria je
MelIaHa 5 catu Ha coOHOj Temmeparypu. JJoObujenu xyTu pacTBop je mpoiieheH u ocTaBibeH y
Mpaky na ymapaBa. Hactanu XyTH KpucTaiu Cy mpoieheHd, UCIpaHu XJIAJHOM BOJOM U
ocymieHu Ha Ba3ayxy. [Ipunoc: 0,22 g (82 %).

N3zpauynaro 3a AuCgH14N2Cls: H, 5,34; C, 13,80; N, 2,71. Haheno: H, 5,29; C, 13,66;
N, 2,54%.

B) Cunre3a [AuU(SMC)CI;] kommiekca:

3a cuHTe3y KoMIutekca kopuithena je kucenuna 3iata H[AUCI,]. Kucennna H[AUCIy]
(0,29, 0,8 mmol) je Hajpe pacTBOpeHa y Maj0j KOJIWYHMHM Boje. Y NOOHjeHH PacTBOP JOMAT je
murang S-metun-L-mucrenn (SMC) (0,105g, 0,8 mmol). Kucenoct pactBopa je mojemieHa
u3mely 4 u 5 nogatkom 0,1 M pactBopa NaOH. [loOujeHn pacTBOp MeIIaH jeé HEKOJIMKO CaTH,
HaKOH Yera je OCTaBJbEH Jla yIapaBa y Mpaky Ha cOOHOj Temmepatypu. Hacramu OpaoH npax je
npotieljeH, UCTIpaH eTaHoIOM U cylieH Ha Ba3ayxy. [Ipunoc: 0,219 (76 %).

Nzpauynaro 3a AuC,SO3zHy;3NCls: H, 3,07; C, 10,52; N, 3,07; S, 7,02. Haheno:
H, 3,08; C, 10,73; N, 2,77, S, 7,01%.
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B) Cunte3a [Au(dien)CI]|Cl; komniiekca:

Kommeke [Au(dien)CI]Cl, nobujen je momazehu ox xucenune 3mata H[AUCl,] 3H,0.
Kucemuna H[AuCl,] 3H,0 (0,175g, 0,45 mmol) je Hajnpe pacTBOpeHa y Maji0j KOJIMYHHHA BOJIC
(3 cm®. V 1obujern pactBop momar je osmrany  auermieHtpuamus  (dien)
(0,049, 0,45 mmol). Hakon memmarma HacTao je KyTH TalloT, KOjH ¢e J0JaTKOM HEKOJIUKO KaIlH
0,1M pactBopa NaOH, paau nmoaemasama pH u3mely 4 u 5, mornyHo pactBopuo. JloOujen
Oucrap >KyTH PacTBOpP MeIaH je HEKOJMKO caTh Ha Temiieparypu o oko 0°C, HakoH dvera je
OCTaBJBCH JIa UCTapaBa y Mpaky Ha coOHOj Temmeparypu. Hacramum xyTu mpax je mporehen,
UCIIpaH  eTaHOJIOM W CcymieH Ha  Basayxy. [Ipumoc: 0,172 (95,13  %).
Yucroha mobujeHor KoMmIuleKca mOTBpheHa je eldeMeHTanHoMm aHamu3oM, UV-Vis
ciekrpodoromerpujom, IR 1 *H NMR crekTpockonujom, a 10GHjeHH pe3ylITaTh Cy OHIH y

12
CarIacHOCTH ca myomkoBannm. 2

I') Cunre3a [Au(terpy)CI]Cl; kommiekca:

Kao momazna cyrncranma y CHHTE3M KOMIUIEKca KopuinheHa je KHCEIMHA 3i1ara
H[AuUCl4]'3H,0. Kucenuna H[AuCl;]3H,0 (0,29, 0,5 mmol) je najnpe pacTtBOopeHa y BOIH.
VY nobujenu pactBop momar je murang 2,2’:6°,2°°-tepmupuauu (terpy) (0,12g, 0,5 mmol).
pH pactBOpa je TokoMm peakuuje 6una uzmehy 4 u 5. JlobMjeHn pacTBOp MeEIIaH je HEKOJIUKO
cati Ha 50 °C, HaKOH uera je OCTaBJbEH Jia WMCIapaBa y MpaKy Ha COOHOj TeMIeparypu.
Hacranu xytu mpax je mpoueheH, HMclpaH €TaHOJOM M CylleH Ha Ba3ayxy. IIpuHoc:
0,229 (82 %). Yucroha mobujeHor komIiekca MoTBpheHa je eneMenTaaHom ananuzom, Uv-Vis
criextpodoromerpujom, IR m *H NMR criekrpockonujom, a T00HjeHH pe3ylTaTh Cy OHiM y

124
CarjacHOCTH ca MyOJUKOBaHUM.

) Cunre3sa [Au(bipy)Cl;]Cl kommniekca:

3a cuHTe3y oBor kommuiekca monuto ce ox comu K[AuCly]. Co 3mara Hajmpe je

pactBopena y wmainoj komumuuuad Boje (0,29, 0,5 mmol). Jlurana 2,2°-6unupuaun (bipy)
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(0,08 g, 0,5 mmol) pactBopeH je y Boau u nonat y kanuma y pactsop K[AuCl,]. Peakinona
cMelna je memana Hekoiauko cati Ha 50 °C. JloOujeHu )KyTu PacTBOP j€ OCTaBJbEH Y MPaKy Jia
ymapaBa. Hacramm sxytu Tanor je mpolieheH, MCIpaH €TaHOJIOM W OCYIIEH Ha Ba3ayXy.
[Mpunoc: 0,209 (89 %). Yucroha moOujeHOr KOMILIEKCa IOTBpheHA je eIIeMEHTAaIHOM
anaimusom, Uv-Vis crnekrpodoromerpujom, IR wu 'H NMR CHEKTPOCKONHjOM, a JOOHjeHH

125
pe3yiTaTH Cy Yy CarjliaCHOCTH ca MyOJIMKOBAaHUM.

B) Cunresa [Au(en)Cl,]Cl kommiekca:

Kao nona3na cyncranna y cunTe3un komiiekca kopumihena je co K[AUCly]. Co 3nara
HajIipe je pacTBOpeHa y eraHody Ha coOnoj temneparypu (0,29, 0,5 mmol). Jlurang
erwienauamus (en) (0,5 mmol) je noxat y xanuma y pacteop K[AuCls]. Hapanuyacro-6paon
TaJIOT je HACTa0 OJMax HAaKOH JOJaTKa JHWraHaa, a HakoH 20 MHHyTa MeEIIamka PEaKInOHEe
CMellle TaJor ce MOTIIYHO PacTBOpHO. PeakimoHa cMelna je Meniana Hekoauko catu Ha 50 °C.
JloOujenu )KyTu pacTBOp je mpolieheH 1 0cTaBJbeH y MpaKy na ynapasa. Hacramum sxytu Tamor
je mporeheH, ucnpaH eTaHoJOM M ocymieH Ha Basayxy. Ilpunoc: 0,13g (90.0 %). Yucroha
no0ujeHor KOMILIeKCa notBphena  je €JIEMEHTaTHOM aHAIIU30M, Uv-Vis
cnektpodoromerpujom, IR u 'H NMR CHEKTPOCKOIMJOM, a JI0O0MjeHH pe3yiaTaTH Ccy y

12
CarjacHOCTH ca MyOJUKOBaHUM. >

2.2. UHCTpyMeHTH

3a mepewme pPH pactBopa kopumrhen je HI 9107 Microprocessor Hanna Instrument
pH-meTap ca KOMOMHOBAaHOM CTAaKJICHOM EIICKTPOAOM CTaHAapAu30BaHOM momohy Fischer-
crangapaaux mydepa (pH = 4,00; 7,00; 11,00).

Enementanue anammze (C, H, N, S) ypahene cy na Varian 1l CHNOS Elemental,
Analyzer Elemental Analysensysteme, GmbH.

Uv-Vis cnektpu cHumanu cy Ha Perkin Elmer Lambda 35, Shimadzu UV 250 u
Hewlett-Packard 8452A diode-array cmnekrodoromerpuma ca TtepmoctarupasoM 1,00 cm
kBapiHoM Suprasil kueerom. Stopped-flow mepema Bpmiena cy ma Applied Photophysics

SX.18MV wuHCTpYMEHTY.
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'H NMR crextpu canmanu cy aa Varian Gemini-200 MHz amapary.
2.3. KuneTnuka mepema

2.3.1. Peakumje cyncruryuuje MOHOQYHKIHHOHATHHX Kommiekca Au(lll) n

a30T-B€3UBHUX 6HOMOJ'Iel(y.]'la

KuneTuka peakuuja cyncruryuuje xommiekca [Au(dien)CI]* u [Au(terpy)CI]* ca
auranguma Ino, 5°-IMP, 5°-GMP u L-His u3y4aBane cy cnekrpodoromeTpujcku npahemem
MpoMeHe  amcopOmuje  pacTBOpa ca BPEeMEHOM Ha  pajJHOj TalacHO]  JTy)KUHHU.
CBe CyNCTUTYLIMOHE peakidje Ccy IMpoydaBaHEe Kao peakidje nceyoo-NpBOT pela Ha Tpu
paznuuute Temmepatype (288, 298 u 308 K). Peakuuje komIiuviekca wu3ydyaBaHe Cy Y
25 mM Hepes nydepy (pH = 7,2) y npucyctey 10 mM NaCl, kako 6u ce cripednsia Xuapoan3a
komiuiekca (Crnuka 2.1).

Pagna Ttamacna myxwuHa onpeleHa je CHUMameM CIIEKTapa pEakIMoOHE CMele Y
onpeheHuM BpeMEHCKHM MHTEPBAIMMA Y OICETy TalacHUX ayxkuHa udmely 220 u 450 nm. Kao
pajHa TajmacHa AyXKMHA y3€Ta je OHa TajlacHa Iy)XKMHA Ha Kojoj je Hajseha mpomeHa y
arcopOIuju ca BpeMeHoM. Peakinuje cy OTHOYHMMbaIe MEIIamkeM EKBHBAJCHTHHUX 3allpeMHUHA
pacTBopa KOMILUIeKca W juranaa aupektHo y stopped-flow wuuctpymenty. Konmentparuja
aurasaa Ouia je yBeK y BEJIMKOM BHUIIKY (HajMame 20 myTa) y OJHOCY Ha KOHIIEHTpPAaLHUjy
KOMIUIEKCa, Kako ©Ou ce 00e30enunn  yCIOBH  peakidje  nceyo0o-IpBOT  pea.
CriektpodoTomMeTprjcko ojpehuBame KOHCTaHTe Op3WHE peakinje nceydo-upBor pena, Kopsd,

BpIIHK ce Ha OCHOBY jexHaunue (2.1),1°

In(A, —A_)=In(A, = A, )— Kt (2.1)

y k0joj je 3aBucHocT IN(A; — A.) o BpemeHa t TuHeapHa, Tako Ja ce U3 Haruba npase 100uja
BpeaHOCT 3a Kopsg. Benmmumnaa A, mpencraBiba amcopOIinjy pacTBopa HaKoOH ,,0eCKOHAYyHO”
ayro BpemeHna (oGmuno mocie 8-10 momyBpemena peakimje).” JoOHjeHa BpEIHOCT 3a
KOHCTaHTy Op3WHE peakiuje nceyoo-pBorT peaa, Kopsd, pecTaBiba cpedmy BpeaHocT 4 mo 5

HE3aBUCHUX KUHCTUYKHUX MEPCH:A.
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WzpauynaBama cy BpiieHa nmomohy Kommujyrepckux mporpama Microsoft Excel u

OriginPro8.

05
0,45
0.4
035 | 4
0,3
0,25
0,2
0,15 ¢
0,1 . * L 2
0,05

[NaClJ/mM

0 10 20 30 40 50 6r

Cnuka 2.1. Ymuyaj pasznuuume xonyenmpayuje Xi1opuoHux joHa Ha npomeHy ancopbauye

pacmeopa komnaexca [Au(terpy)CI]%* y 25 mM Hepes nygepy (pH= 7,2) na 280 nm.
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Cnuka 2.2. Stopped-flow u kracuunu UV-Vis cnexkmpogomomempu kopuwhenu moxom

ucmpaoicuearod.
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2.3.2. Peakumuje CYNCTHUTYLHje OM(PYHKIMOHAJIHUX [Au(bipy)Cl,]" u

[Au(dach)Cl,]" kemmiexca 1 a30T-Be3HBHUX GHOMOJIEKYJIa

Kunernka peakiuja CYIICTHTYIIH]E KOMILIEKCa [Au(bipy)Cl,]",
[Au(dach)Cl,]*, [Au(en)Cl,]* u [Au(SMC)Cl;]* ca mmrammuma Ino, 5°-IMP,
5’-GMP u L-His u3yuaBane cy crektpooToMeTpHjcKH mpahemeM MpPOMEHE arcopoOiuje
pacTBopa ca BpEMEHOM Ha paJIHOj TalacHO] MyXMHH. PajiHa TanacHa ayxuHa ozapeheHa je Ha
UCTH HAYMH Kao mTo je omucano y geny 2.3.1. Ha Cmumm 2.3 mpukazaHa je mpomeHa
ancopbanne y ¢GyHKIMju BpeMeHa 3a peakuujy cyncrutymumje [Au(bipy)Cly]” xommexca u
L-His. 1 oBe cymncTutyiroHe peakiiyje Cy mpoydaBaHe Kao peakiiuje nceydo-npBor pena Ha
Tpu Temmeparype (288, 298 u 308 K), y 25 mM Hepes nydepy (pH = 7,2) y npucyctsy 20 mM
NaCl.

300 320 340 360

Cnuka 2.3. [Ipomena ancopbyuje ca spemenom (At = 1s) 3a peaxyujy cyncmumyyuje
[Au(bipy)Cl.]* (1-10*M Yxomnnexca u L-His (4 -10°M) y 25 mM Hepes nygepy (pH =~ 7,2) y
npucycmesy 20 MM NaCl na T = 298 K.
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2.3.3. Peakuuje cyncrutynuje oOupynxkumonannux [Au(en)Cl]" m [Au(SMC)CIy]

KOMIIJIEKC H A30T-BE€3UBHHUX 61/10M0.11e1cy.113

Knnernka peakmmja cymncrutynuje komruiekca [Au(en)Cl]™ m [Au(SMC)CIy] ca
muranguma  Ino, 5°-IMP, 5°-GMP u L-His wu3yuyaBane cy cHeKTpo()OTOMETPHUjCKH Ha

UJCHTHYAH HAYUH ¥ NIPU UICHTUYHUM YCIIOBUMA Kao IITO j€ OmucaHo y aeny 2.3.2.

2.4. KBaHTHO-XeMHjCKa MeTo1a

XubOpugna teopuja QyHkumonana rycrune, B3LYP/LANL2DZp, ca muceyno-

128,129

HOTEHIIMjaJIOM NIPUMEHEHA j€ Ha jJOHE MeTaja. TokoMm onTuMu3aIuje CTpyKTypa caMo ce

CHUMETpHja MOJIeKy/la y3MMajia Kao KOHCTaHTa. 3a u3pauyHaBama je kopuihen GAUSSIAN
KOMIHjyTepckn  mporpam.>°  YTumaj pacTBapasa  Kopuroan je  kopumhiermem
,single-point calculations’, y3 omoh cpPCcM™ dopmanm3Ma 1j.

B3LYP(CPCM)/LANL2DZp//B3LYP/LANL2DZp.

2.5. UcnutuBame NUTOTOKCHUYHOCTH

2.5.1. UcnutuBame nurorokcuanocru Au(lll) kommiexca

Ilpunpema henuje

CLL henwmje cy nobujere u3 KpBHU manyjeHara Koju 00Jyjy 01 XpOHUYHE JTUMQOIIUTHE
JeyKeMHje U KOjU HUCY MpUMaJM Tepanujy mect Mecend. OHe cy HaKOH pa3JiBajama UCIpaHe
Tpu myta y haemaccel-y. 3a pact u oxpkaBame henuja kopuinheH je XpaHJbUBH MEAUjyM
RPMI 1640 (20% FBS, 100 IU/cm® memmmmmmaa G u 100 pg/em® crpentommmna).
bpoj henuja n mUX0OBa OIPKUBOCT o/pel)eHa je moMohy TpuIlaH-TIIaBo 00ojema. McnuTtuBama
cy onobpena oxa ctpaHe Etmukor xomurera Kmmauukor nentpa Kparyjesan. [lamujentu cy

MOTIHUCAIA NPUCTAHAK.
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Tecm yumomoxcuunocmu (MTT)

Vrumaj [Au(en)Cl]", [Au(SMC)Cly], [AuCly(DMSO);]" u mmcminatude Ha
BUjabUIHOCT (mpexuBibaBame) henuje oxapehuBan je momohy MTT komopumerpujcke
merone.*? Remnje CLL cy momemane ca cpefMHOM U pa3GiaskeHe, Tako ja TycTHHa hennja
oynme 1 X 10° hennja/cmg. V3er je anmukBoT (5 X 10° henuja/100uL) u ybadeH y MUKpOTUTAp ca
96 otBopa. Ilopen Tora, y cBaku oTBOp je yOaueno mo 100 ulL Hekor oa HCHUTHBAHUX
KOMILJIEKCA, KOjU Cy CEepHjCKH pa3peheHH cpelnHOM JBa MyTa, Kako OM Ce MOCTUTA0 OICer
koHIeHTpanyje ox 250 uM mo 7,8 uM. hemmje cy makybupanme Ha 37°C y 5% CO,
uHKybaropy, 24 cara. Hakon unrtyOanuje Oynapuuhu cy nentpudyrupanu. Pactsop MTT
(5 mg/cm?® y PBS, 10 pL) je nomat y cBaku OyHapuuh u nHKyOupaH jour 4 cara. Bynapuuhu cy
neHTpudyrupanu, TedyHocT omdadeHa, a DMSO (150 uL) monmar kako Ou ce pacTBOPHIIH
HacTanu kpuctanu. Hakon Tora mioue cy myhkane 10 munyra. Ontuyka rycTuHa CBaKor
Oynapumha je oxpehuBana na 595 nm. IIpomeHaT HUTOTOKCHMYHOCTH je onapeheH Ha OCHOBY

jenHauune 2.2:
% umrorokcuunoct = 100-((TS—BGO)—E/(TS—BGO0) x 100) (2.2)

I'ne BGO oaroBapa cpeaunu, TS je yKymHO NpEXUBIJbAaBAH-E/CIIOHTaHA CMPT HETPETHUPAHUX

mbHUX henuja u E je ekcnepumenTtanau 6yHapuuh.

2.5.2. UcnuTHBame NUTOTOKCHYHOCTH n3adpannx kommiaexkca Au(l1l) jona na

4T1 heauju u cnpeyaBamy pacta Tymopa aojke konx BALB/C muma
Renujcka kynmypa

VY ekcriepuMeHTaTHUM Mojienuma je kopuithena 4T1 henuwjcka nuHMja MuIIjer Tymopa

nojke (American Type Culture Collection, Manassas, ATCCVA, USA; CRL-2539).
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Kusomurve

HcnuTuBame MUTOTOKCHMYHHUX edekara KoMILIeKca BpieHa cy Ha BALB/C xenckum
MureBruMa. JKHBOTHIbE Cy JApKAHE y KaBE3UMa MPU KOHCTAHTHO] TEMIIEPATYPH U BIAXKHOCTH,
Ipy 4eMy Cy M3JlaraHe CBETJIOCTH M Mpaky no 12 caru. Boja u xpana cy um Oumiie 10CTyIHE
CBE BpeMe.

BALB/c xencku muriesu (N=30), 7-9 Heaesba cTapu, Cy HOJACIHEHU Y jeHY KOHTPOIHY

u 4 ekcriepuMeHTanHe rpymne (N=6 y CBakoj IrpyIu).

HHnJlaHmaL;uja mymopa u urb€Kmoearbe jleka

Remnjcke nuamje 4T1 mumijer Tymopa mojke (5 X 10%) kymrruucame cy y 60 plL
RPMI 1640, a moToM HHOKYJIHCaHEe AUPEKTHO y MAacHO jacTyde miedHe skiesnae BALB/C
muma. Jlecer MHHyTa HAaKOH HWHOKYJAIMjeé TyMmMOpa IPBOT, YETBPTOT, OCMOT, JBAHAECTOT,
IIECHECTOT W JIBAJICCETOT JlaHA CEKCIIEPHUMEHTa MHIIEBUMA M3 CKCIICPUMEHTAIHUX Tpyla Cy
umbekToBann kommieken [AUuCl(DMSO),]*, [Au(SMC)CL,], [Au(en)Cly]" u nucratuna
(100puL) xonmentparmje 62,5 UM, Koju cy npeaxoaHo pactBopern y DMSO.

Tecm yumomoxcuurocmu (MTT)

Vrumaj [AuCly(en)]”, [AuCly(SMC)], [AuCI(DMSO);]" m mumcnmaruHe Ha
npexuBJbaBambe henuje je oapehuBan nmomohy MTT konopumerpujcke merozne,*? Ha HaunH

Kao IITO je omucao y aemy 2.5.1.

Mepere pacma npumapnoe mymopa u oopehusaroe obuma mymopa

MopdomeTpuja je TpeHYTHO CTaHJIapJHa MeToJa 3a oApehuBame oOMMa Tymopa 3001

. 133,134
HHUCKC ICHC paaa U JCAHOCTABHOCTU MCTOIC.

TokoM ekcliepuMeHTa Mepeme BETHMYUHE
TyMOpa je BpIIEHO cBakora JaHa nomohy HoHHujyca. Kako O6u ce oapenno obum Tymopa

eKCIIEPUMEHTAJIHE XUBOTHHE Cy CelMpaHe [BaJECETeNpBOI JaHa, MpPU YeMy je TyMop
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ykiomeH. OnpehuBan je Hajsehu y31y)KHU MPEYHUK (Iy>)KUHA) M HajBehM MONMPEYHH MPEYHUK

(mmpuna) Tymopa. O6UM Tymopa je u3padyHaT Kopuinhewem MoaudukoBane popmyie 2.3:
O6uM Tymopa = 1/2 X (nyxuna xmmpuna®)3+% (2.3)

2.5.3. UcnutuBame nuToTokcuuHocT KoMmiiekca Au(lll) jona na A549 enurtery

hesujcke JuHuje kKapuuHoMa miyha
Kynmype A549 enumena henujcxe aunuje kapyurnoma niyha

Kynrypa A549 nobujena je om American Type Culture Collection (ATCC), Manassas,
VA, USA. Ose hemuje cy kynruBucane Ha Dulbecco’s Modified Eagle momiozu (DMEM),
koja cagpxu 10% FBS, 100 IU/mL nexaunmnuaa G u 100 ug/mL crpentoMuiinHa.

Tecm yumomokxkcuvHocmu

Vrunaj kommiekca Au(lll) va npexxussbaBame A549 henuje oapehen je momohy MTT

kosnopumerpujcke metosie 1 LDH (Jlakrat nexuaporenase) tecra.
MTT mecm

Vrunaj [Au(en)Cly]*, [Au(dach)Cly] n [Au(bipy)Cly]" Ha npexusmaBame henmje je

onpehen momohy MTT konopumerpujcke meroze,*? kao mro j€ panuje onucano y gemy 2.5.1.
LDH (raxmam oexuopoeenasza) mecm

Jlakrat nexumporeHasa (LDH) je craOuiHM eH3UM MpHCyTaH y HUTOIUIA3MHU henmuja
KOjH ce yop30 no omrehemy miazmMa MmeMOpaHe OTHymTa y MeinjyM y kojem ce henuje raje. 3a
ucnutuBame omrehema henmja kopuctu ce Cytotoxicity Detection Kit (LDH) (Roche Applied
Science). Kut cagpxu MemaBuHy CyIcTpara Koja ce J0jaje Y CylepHaTaHTe MCIUTHBAHUX

henuja. AxtuBHoct LDH ce oapehyje KymioBaHOM €H3MMCKOM peakiidjoM KOjOM ce
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jomonutpoterpazonmmjy™m, INT, penykyje mo ¢opmasana, HapaHiacTo-ipBeHe 0oje,

pPacTBOPJEUBOT y BOJU.

: " wrehena henuja 0 K |
4 “ ¢opmasaH { )

i
N H4C

. Naxrar
Aexuaporexasa

nupysar

Cnuxka 2.4. lllemamcxu npuxaz LDH mecma

YV npBoj ensnmckoj peaximju LDH penykyje NAD' 1o NADH, a nakrar okcuyje 70
mupyBata. Y gpyroj peaxmuju muadopasza karamusyje oxcuparmujy NADH y NAD® wu
peaykuujy INT 1o dbopmazana. Kut cagpxu karanuszatope (auadopasy/NAD), nakratr u INT
(Cnuxka 2.4).

AxtuBHOocT LDH eH3uMma y cynepHaTaHTHMa TPETHUPAHUX henrja pacTe ca MmopacToM
Opoja mpTBUX miH henmja ca omrehenom memOpanom. [Topact LDH akTuBHOCTH AMPEKTHO je
NPONOPLMOHATHA KOJMYMHM CTBOpEHOr (¢opMas3aHa, Na je MHTEH3UTeT 00je JAMPEKTHO
npornopuuMoHanan  Opojy  MpTtBuXx  henmja.  MHrensuter  Ooje  ce  oapehyje
cnekTpodoToMeTpHjcKH Ha TanacHoj ayxuHu o1 450 1o 500 nm.

henuje cy npunpemsbene 3a LDH tect Ha nctu HaunH kao u 3a MTT tect. Paznuka je
caMoO y MeIaujyMmy 3a KyAaTuBanujy koju caapxu 1% FBS-a, 30or BHCOKe aKTHBHOCTH

JaKTaT-AexuapoxreHase y cepymy. 3a LDH Tect kopumihene cy 3 koHTpode:
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1. aKTMBHOCT €H3MMa y CAMOM MEHjyMy, OJaHK;

2. crioHTaHo ociobahame Jakrar nexujaporeHase w3 henmja, hemmje cy usnarane camo
MELHjyMY;

3. MakcuMaiHO ocjobahame nakTar aexujaporeHase u3 oapehenor henwjckor Tuma,
henmuje cy tperupane 1% TtpuroHom X KOju H3a3uBa nepmeadmim3anujy henmjcke
MeMOpaHe.

[Tocne 24 cara w3narama henmja KOMIUICKCHMMA, CYIEPHATaHTH Cy TOKYIUBCHH U
npebaveHu y HoBe MukpoTtuTap 1iode. ¥ 100 plL cymepnaranta nogato je mo 100 uL pagHor
pactBopa LDH kura. Ilioue cy npxane 30 MuHyTa y Mpaky Ha COOHOj TeMIIepaTypH, a 3aTUM
je y cBaku oTBOp MUKpoTuTap miode goaaro mo 50 uL 1M HCI.Ontuuka ryctuHa y3opaka je
mepena Ha 450 nm Ha Zenyth 3100 myntudyHKIHOHATHOM unTady. [IporieHar MpTeux hemnuja

je nat hopmynom 2.4:

% mpreux hemja = (E-B)/((T-B)-(K-B)) x 100 (2.4)

E-o3nauaBa OTBOp Ca HCIIMTHBAHHUM CYIICTaHLIaMa, B'6J’IaHK; T-OTBOp ca hennjaMa

TpetupanuM TputoHoM X; K-oTtBop ca HeTpeTupanum henujama.

Tecm 3a 0emexyujy anonmose (AnnexinV/Pl)

ArmonTo3y KapakTepuine mpememtambe (ochaTuaui CcepuHa ca YHYTpallkbe Ha
crioJpalliy cTpany hemujcke memOpane. Annexin V-FITC je ¢uryopeciienTHa npoba koja ce
Be3yje 3a ocharuaun cepuH, u3nokeH Ha hemujckoj memoOpanu. [pormuaujym joaua (Pl) ce
Besdyje 3a JIHK mnpucytny y hemmju camo ykomuko je uHTerpurer henujcke memOpaHe
HapyireH. Cmarpa ce aa cy Annexin V(-); PI(-) henuje xwuse, annexin V(+); PI(-) henuje y
panuM (asama amomro3e u Annexin V(+); PI(+) henwje y kacuum ¢asama amomnrose.
VYV ekcnonennmjanHoj (a3u pacra hemuje cy mpecejane Ha 9 HoBuX (urackoBa. Kaga hemmje
npekpujy 70% nHa dracka, MeaMjyM ce 3aMEHH pPacTBOPEHUM HMCIHTHBAHUM KOMILIEKCOM.
Hakown 24 carta u3J10)K€HOCTH KOMIUIEKCY henuje cy npukymbeHe u3 (ackoBa, onpaHe 2 myra
y KOMIUIETHOM MEIHMjyMy H PECyCleHI0BaHe y Tnydepy Koju omoryhaBa Be3HBame

Annexin-a V (10X mydep: 0.1 M Hepes, pH 7.4; 1.4 M NaCl; 25 mM CaCl,) go rycrune
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1.000.000 hemmja/cm®. V 100 pL Takse cycmemsmje je momaromo 5 pL Annexin-a V (BD
Pharmingen, Cjenumene Amepuuke [pxase) u 5 uL Pl (50 pg/ml PBS-a) (Sigma Aldrich,
Hemauka). [Tocne ucreka 15 muHyTa HHKYyOallje Ha COOHO] TEMIIEpaTypH U Y MpaKy, 10JaTo
je mo 400 puL 10X mydepa 3a BesuBame. AHanmm3upano je 20000 morahaja na Facscalibur BD
MPOTOYHOM IIUTOMETPY, a mojanu cy oopahernn y Winmdi 2,9 nporpamy.

CBa rope HaBeJcHa WCIHUTHBAKA I[HUTOTOKCHYHOCTH PAa3IMYUTHUX KOHIICHTpAIIH]ja
n3zabpannx kommiekca AU(IIl) joma Bpimena cy y capaamu ca rpymnom mpodecopa
np HebOojume Apcenujeuha ca ®akynrera MEIUIIMHCKUX Hayka, YHHBEp3UTETa Y

Kparyjesiy.

2.5.4. HcnintuBame epexara ayporuomanara u kommiekca Au(lll) jona na

NOKPET/bMBOCT H30JI0BAHUX jAjOBOJA KEHA

JajoBomu cy noOujenn ox 18 mamujeHTKHEa (jelaH jajoBOJ O CBAaKOT ITAIHjEHTA)
TOKOM a0JIOMUHAJIHE XUCTepekToMuje. CBUM MalHjeHTUMa je orepucan (GuOpou MaTepHile
KOjH je IPOY3pOKOBA0 MPOIYKEHO KpBapewe u3 Marepuie. [lanujentu Hucy umanu peryiapHo
MEHCTPYaJIHO KpBapeme HajMame TpU Meceua mpe npujema y Oonnuny. Ilpocek roamna
nanujeHata je 44,6 + 5,4, 1j. nanujeHTd cy umanu on 36 no 56 rogunHa. McnutuBama cy
onobpena on crpaHe Ermuxor komurera Kimuuukor nentpa Kparyjesaun. [lanumjentu cy
MOTITUCAIN TPUCTaHAK.

CBu nanujeHTtu cy onepucanu y nepuoay oa 2008. 1o 2010. rogune Ha I'mHEK0I01IKO]
xknHunM Knuanukor nentpa y Kparyjesiyy. Bpeme npukynsbama y3opaka je Ouino 22 mecena,
W3 pasJiora ITO je TeHKo A00uTu HeomreheHne y3opke ucre BenuunHe. Huko o mamujenara
HHUJe TpuMao mojiHe xopMoHe 45 nmana npe omepanuje. Onepanuje nanyjeHara cy 00aBJbEHE
HOJ] OIIITOM aHECTE3U]OM.

HaxoH oxncTpamuBama jajoBoiu Cy CMEIITaHH y ocyny o 250 cm®, KOja je UCITy’heHa
De Jalons pactsopom (154 mM NaCl, 595mM NaHCO;, 5,63mM KCI, 0,54 mM
CaCl,-2H,0, 2,78 mM riyko3a), kpo3 koju ce mpoBoau rac (95% O, u 5% CO,, 5 cm3/min).

OBge nocyje cy TpaHCIOPTOBaHe y 1abopaTopHjy.
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HcnutuBame yTHLaja pasauuuTUX KOHIEeHTpamuja komiwiekca AU(Ill) jona Ha
CIIOHTAaHE KOHTPAKIMje M30JIOBAaHUX jajoBOJA, BPIICHO je y capalmu ca rpyrnoM mpodecopa

np Cnobonana JankoBuha ca @akynrera MEIUIIMHCKUX Hayka, Y HUBep3utera y Kparyjesiy.
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3. PE3VJITATU U JUCKYCHUJA PE3YJITATA

3.1. Pe3yaraTu HMCOMTHBAKA PpeaKlHja CYNCTUTYIHje HEKHMX MOHO(PYHKUIHOHATHUX

kommiexkca Au(lll) ca azor-1oHOpPCKUM GHOMOJIEKYIMMA

Cyncrutyipone  peakndje  MoHodyHkimoHannux — kommiekca  Au(lll)  jona,
[Au(dien)CI]** u [Au(terpy)CI]** ca INO, 5°-IMP, 5°-GMP wu L-His mpoyuaBane cy
cnekrpodoTomerpujcku npahemeM MpoMeHe arcopOaHIle pacTBOpa ca BPEMEHOM Ha PaIHO)]
TaJlacHO] JYXHHH, Kao peakuuje nceyoo-pBor pepa. Ha Cmuum 3.1, npuxasane cy
CTPYKTYpHE (oOpMyJie HUCIUTHBAaHUX KOMILUICKCAa M JuraHaga. Peakmuje cy mnpahene y
3aBHCHOCTH O] KOHIIEHTpaluje Hykieopuia u Temieparype Ha stopped-flow uacrpymenty.

[lpoec  cymcrutynMje  MCIUTHBAHUX  MOHOQYHKIMOHAJTHHX  KOMILIEKCA,
[Au(dien)CI]** u [Au(terpy)CI]** ca u3abpanuM IMraHIuMa OIBHja Ce HA HAYMH Kao LITO j&

npukazano [llemom 3.1.

k
[Au(NNN)CIJ?* + Nu 4—’1_ [Au(NNN)(Nu)]?** + CI
k1

NNN = terpy, dien; Nu=5-GMP, 5-IMP, Ino, L-His

Illema 3.1.
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Cnuxka 3.1. Cmpyxmyphe ¢hopmyne npoyuasanux KOMnieKca u iueanaod
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CymncTuTyIimoHe peakifje KBaJpaTHO-TUTAHAPHUX KOMILIEKCAa OJBHjajy Ce€ TO JBa
KHHETHYKa myTa. ™ JelaH je CONBOJMTHYKM IyT, Y TOKY KO MOJEKYJ pacTBapada ylasH y
KOOpJAMHAIMOHY c(hepy KOMIUIEKCAa U KOOPAMHYjE CE 32 jOH MeTajla, HAaKOH 4era JIojla3u J0
Op3e CyNCTHTYyIHje KOOPAWHOBAHOT MOJIEKYyJa pacTBapada Hykieoduiaom. pyru myt je myT
JTUPEKTHE HYKJICOPHIIHE CYICTUTYIUjE Y TOKY KOT JOJNa3H 1O IUPEKTHE CYNCTHTYIIH]E
xjopuaa HykineopmioM. Y HCIUTHUBAHOM CIIY4ajy COJBOJIMTHYKH IYT je Cy30HMjeH A0JaTKOM
10 mM NaCl y pactBop KOMILIEKCa, TAKO Ja C€ MYT JAUPCKTHE HYKJICOPHIHE CYICTHTYIIH]C
onurpaBa peBep3uOMIHO Kao mTo je mpukazano lllemom 3.1. Ilpu ycnmoBuma peaxiuje
nceyoo-TpBOT pefia KOHCTaHTe Op3MHE KOje KapaKTEpHIly MPOIEC CYICTUTYIHjE MOTY Jia Ce
oipene W3 JIMHEApHE 3aBUCHOCTH KOHCTaHTe Op3WHE nceydo-npBor peaa, Kopsd, O
KOHIIEHTpanuje Hykiaeoduna, a npema jeanuunu 3.1. 13 Haruba noOujeHe mpaBe MoOxe Ja ce
oJpenu KoHCTaHTa Kj, Koja KapakTepuIle MmyT TUPEKTHE HYKJICO(UITHE CYNCTHTYIH]E, TOK U3

OJICeYKa MOXe Ja ce oJiper KoHcTaHTa K.1, Koja KapakTepuIle MOBpaTHY PEaKiujy.

Kobsa = Ka[NU] + ka[CI] (3.1)

Ha Cnukama 3.2. u 3.3. mpHKa3zaHe Cy CBE E€KCIEPUMEHTAIHO J00HjeHe BPEAHOCTH
3aBUCHOCTH KOHCTaHTE Op3uHE nceydo-npBor pena, Kopsd, Y QYHKIMjH OF KOHICHTpAIH]je
JTuraHana, Ha Tpu temmeparype (288, 298 u 308 K).

JobujeHe BpeaHOCTH KOHCTAHTH Op3WHE, KAa0 M BPEAHOCTH TEPMOIUHAMUYKHX
napamerapa AH” u AS” 3a cyncrtuTynuone peaknuje n3ydasannx xomruiekca Au(lll) jona ca

muranguMa INO, 5°-IMP, 5°-GMP u L-His narte cy y Tabenu 3.1.
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0.03
Kopia's™ :
0005 0,025 | L - His MoK
0,004 0,02 -
0,008 1 0,015 1 28K
0,002 0,01 4
0,001 0,005
[L-His]M
0 " 0 y ’ v v
0 0001 0@02 0003 0004 0005 006 0 0,001 0,002 0,003 0004 0005 0,006
0,018 0,008
Kopya'S™ '
ki 0007 5'-IMP o
0.014 i
2
0,012 .
0,01
0,004
0,008
0,008 238.1K
0,006
0,004 0,002 1 -
0,002 4 [5-GMPIM S v v . ls-ﬁwpm
0 ' v ; 0 — - - ’ .
0 0001 0,002 0003 0004 0005 0,006 0 001 0002 000 0004 0005

Cnuka 3.2. 3asucnocm kouwcmanme Op3une peaxyuje nceyoo-npeoz peod, kopsd, 00
KoHyenmpayuje nuzanada u memnepamype 3a peaxyujy cyncmumyyuje [Au(dien)CI]**ca

Ino, L-His, 5-GMP u 5°-IMP y 25 mM Hepe snygepy, [CI] =10 mM u pH =7,2.
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. 45
Kobsa's™
4 ' Ino 4
12 2
10 30
25
8
20
6
15
4
2880 K
19 2881 K
2 5
[Inol'M [L-His]M
0 ' ]
0 0,001 0002 0,003 0,004 0005 0,006 0 0001 0,002 0003 0,004 0005 0,006
40 25 —
kobm s-! k':-l-l-)'s

5 -IMP

35

30

25

20

135

10

[5"-GMP]IM [s4MPIm
0 0,001 0poz 0,0-03 0,004 0,005 0006 0 0,001 0,002 0po3 0,004 0,005 0

Cnuka 3.3. 3asuchocm KoHcmanme Op3une peakyuje nceyoo-npgoe peod, kopsd, 00
KOHyenmpayuje aueanada u memnepamype 3a peaxyujy cyncmumyyuje [Au(terpy)CI]* ca

Ino, L-His, 5-GMP u 5’-IMP y 25 mM Hepes nygepy, [CI] =10 mM u pH =7,2.
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Tabena 3.1. Koucrante Op3uHe M aKTHBALMOHM [ApaMeTpH 3a I[pOydyaBaHe CynCTHTyLMoHe peakumje [Au(dien)CI?

nu

[Au(terpy)CI]** kommiekca y 25 mM Hepes mydepy, pH = 7,2 1 10 mM NaCl ua 298 K.

k/M7s™ AHKImol™  ASIKimol?  ky[CIY/s™ AH_.7/kI mol™  AS47/J KX mol?
[Au(dien)CI]*
L-His 1.94+0.05 37+4 130 = 10 (32+0.2)x10° 19+3 164 + 8
5°-GMP 1.24 +0.02 31+1 154+ 4 (2.68+0.06) x10°  15+3 180 £9
5°-IMP 0.399 < 0.003 60 + 4 - 70 £ 10 (8.0 £0.7) x10™ 47+ 1 - 87+4
Ino 0.370 = 0.009 69 + 1 - 38+4 (1.3+0.3)10* 29+4 160 = 10
[Au(terpy)CI*
L-His (3.56+0.08) x 10° 21 +2 125+5 27+02 15+2 125+6
5°-GMP (225+0.03)x 10° 49+7 - 318 0.89 + 0.09 4242 12146
5°-IMP (2.11+0.07)x 10° 1243 15749 1.94 +0.02 71 -153+5
Ino (130 +0.04)x 10° 29+4 110+ 10 0.28 + 0.02 17+3 - 57+£9
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Ha ocHOBY BpemHOCTHM KOHCTaHTH Op3uHe matux y Tabemu 3.1. MOXe ce BUIETH Ja
xomruieke [Au(terpy)Cl]** mokasyje Tpu myra Behy peakrusrocT y ogmocy Ha [Au(dien)CI]**
KOMIUIEKC. Pa3nmka y peakTMBHOCTH HWCHHTUBAHUX KOMIUIEKCA MOXE C€ TPHUIIHCATH
MOCTOjarby apOMATHYHUX MUPUINHCKUX MPCTEHOBA Y KOOPIMHAIIMOHO] chepu [Au(terpy)CI]2+
kKomruiekca. [IupunuHcku npcTeHoBu noBehaBajy enekTpoHIHOCT joHAa MeTana, Tako IITO
JIOJIA3U JI0 JACTIOKAIHM3aIlHje SICKTPOHCKE TYCTUHE yClie T-TIOBpAaTHE JOHAIMje u3Mely joHa
merana u mupuanHa. > Pen peaktuBHOCTH Hykneoduuia je meru 3a 00a mpoydaBaHa
KOMILIEKCA, Tj. PEaKTHBHOCT HyKjcopmira omaaa Ha cieachu waumn: L-His > 5’-GMP >
5’- IMP > Ino. Amuno kucenuna L-His, kao HajMamu MOJIEKYJ 0/ W3abpaHux HykieodwuIa,
pearyje Opke O]l OCTaNMX HCHUTUBAaHUX HYyKJIeoduia u kKoopauHyje ce mpeko N3 atoma
MMU/Ia30JI0BOT IIPCTEHA, Kao WTo je panuje nokazano. "% ¥ peaxnujama ca nporennnma
win nentuauMa, komruiekcu AU(IIl) jona mory ma ce Bexy mpeko N wium O atoma u3
MENTHIHOT WJIM MPOTEHHCKOT naHua.139 Koopaunarmja Au(lll) kommiaekca ca N-goHOpCKUM

. 140
MOJICKYJIMMA JOKa3dHa J€ KPUCTAJIHOM CTPYKTYPOM U NMR ucnuruBamuma.

Koopmunamuja 5°-GMP, 5°-IMP u Ino ce onurpasa npexo N7 aroma mypuHCKe 6aze.'*®
Mehytum, Be3uBame joHa MeTana u3 Komiiekca ca pocdarnom rpynom u3 5’-GMP u 5°-IMP
UMa BEJHMKH YTHIAj] Ha moBehamke PEeakTUBHOCTH Yy OJHOCY Ha INO Kox Kora HE IMOCTOjH
MOryhHOCT 3a OBaj THIT Be3uBamba. '~ [10CTOjambe OBUX EMEKTPOCTATHUKAX HHTEPAKIIH]A MOYKE

Ja nonpuHece 60Jb0j CTAOUITHOCTH HACTaJIMX MPOM3BO/A U3Mel)y HEeKMX MOHO(DYHKIIMOHATHUX

xomrurekca Au(l11) i JTHK '
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3.2. Pe3yaratu  HCHNUTHBaKba  peakluja  CYNCTUTYyUHje  OMPYHKIIHOHAIHHX
[Au(dach)Cl,]" wu  [Au(bipy)Cl;]" xommiexca ca  a30T-IOHOPCKHM

0MOMoOJIeKyIUMAa

Takohe, ucnuTHBaHEe Cy W CYICTUTYIIHOHE peakije OM(YHKIMOHATHUX KOMILICKCA
[Au(dach)Cl,]*, [Au(bipy)Cl,]*, [Au(en)Cl]" u [Au(SMC)Cly] ca a30T-Be3uBHHM
Hykieopommma 5°-GMP, 5°-IMP, Ino u L-His. CrpykrypHe ¢opmyne HCIUTHBAHUX

KOMIUIEKca npukasane cy Ha Cinuiu 3.4.

H>
c” SN—
H>
[Au(dach)Cl,|* [Au(bipy)Cl,|*
coor

] i}

N ~
Hzc/ TH2 H2(< TH
HN— | —Cl H,C——S | Cl

cl Cl
[Au(en)Cl,]* [Au(SMC)Cl,)

Cnuka 3.4. Cmpyxmypne gpopmyne npoyuasanux komniexca AU(I11)
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Cyncrurymnone pakumje [Au(dach)Cl]” u  [Au(bipy)Cl]® ca  mykneopomnma
5’-GMP, 5’-IMP, Ino u L-His npoyuaBane cy Ha ¢usnomomkoj pH = 7,2 y 25 mM Hepes
nypepy u y npucyctBy 20 mM NaCl. [Ipahewem npomene arcopOaHiie 0] KOHICHTpAIH]je
Hykieoduna nobujeHa je muaeapHa 3aBucHocT (Cnuka 3.5). Ca Cnuke 3.5. ce MOXe BUACTH
Jla ca IMopacToM KOHIICHTpalllje HykIeo(huia mpoMeHa arncopOaHiie onana, mro ykasyje 1a ce

MpOLEC CYIICTUTYLMjE OUIPaBa PeBEP3HOMIHO, Kao IITO je npukasaHo Ha [llemu 3.2. 24314

0.3
AA [Auipy)CL]* +L-His
025 | g

L}
0.2

0.15 ©
0.1

=
0.05

[L-His}/M

0 1 2 3 + S 6

Cnuka 3.5. Ilpomena ancopbanye, AAbS, na 295 nm y ¢yukyuju 00 konyemmpayuje
nykneoguna 3a peaxyujy uzmehy [Au(bipy)Cl]" u L-His y 25 mM Hepes nygepy
(pH =7,2), [CIT] = 20 mM.
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k

[Au(NN)CI,]* + Nu T”» [AUNN)CI(Nu)]?* + CI
2f
Ko s
[Au(NN)CI(Nu)]?* + Nu T2> [Au(NN)(Nu),]3* + CI
25

NN = dach, bipy; Nu = 5'-GMP, 5'-IMP, Ino, L-His

Illema 3.2.

[IpBu KoOpak peakiyje je peBep3uOHIIHA CYICTUTYLHja JETHOT XJOPUAHOT jOHA
HykieopwioM. Jlpyrm Kopak peakmuje je Takohe peBep3MOMIIHA CYICTUTYLHja APYror
XJIOPUJIO jOHA HYKJICO(PHIIOM.

KoHcranta Op3uHe peakiyje nceyoo-IpBOT pefia 3a MPBH KOPaK, Kopsdf, U 33 IPyru
KOpaxK, Kopsds, MpahieHa je y 3aBUCHOCTH O] KOHIICHTpAIHj€ yIa3HOT HyKJIeoduia, IPH 4eMy je
y CBHM HCHHUTHBAHUM CllydajeBUMa JoOujeHa nuHeapHa 3aBucHocT. Ha Cimkama 3.6. u 3.7.
NpUKa3aHe Cy CBE EKCIIEPUMEHTATHO 100MjeHe BPEIHOCTH 3aBUCHOCTH KOHCTAaHTE Op3uHE
peakije nceydo-npBor pena, Kopsg, Y (DYHKIMjH O KOHIEHTpalWje JIMTaHaa, Ha TPH
temmneparype (288, 298 u 308 K).

Koncranta Op3uHe peakiuje nceydo-IpBOT pela 3aBUCU OJf KOHIICHTpAIH]je
HykJeoduIa U MOXKe Ja ce nmpukaxe jeanaunaom 3.2. Koncranra K ¢ mpeacTaBba KOHCTAHTY
Op3HHE JUPEKTHE peakiidje MPBOT CTYyMa peakiuje, a Kot je KOHCTaHTa Op3uHE MOBpATHE
peakiuje. JIMpeKTHa peakiuja APYror Kopaka MpEeICTaB/beHa je KOHCTAHTOM Kas, a Ko
npecTaB/ba KOHCTAHTY MOBpaTHE peaknwje. V3 jeqHaumHEe MOTY J1a ce€ OApe/ne KOHCTaHTe
kot 1 kofCll u3 marmba, omHOCHO, ojceuka IOOHMjeHE JHMHEApHE 3aBUCHOCTH Kopsif U
KOHIeHTpanuje Hykieodpuna. KoHcranta nospaTHe peakiuje K¢ 3aBUCH OJl KOHIICHTPALH]jE

xsopuaa, [Cl].

Kobsa,f = K2,f[NU] + K24[CI'] (3.2)

VY ckiagy ca TMM W KOHCTaHTa Op3WHE peakiuje nceydo-IpBOT pela 3a APYrd

PEaKIIMOHN KOpaK MOXE Jia C€ MPEACTaBU jeqHadynHOM 3.3.
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kobsd,f = k2,s[NU] + k-Z,S[CI-] (3.3)

JloOujeHe 3aBUCHOCTH KOHCTaHTE Op3MHE peakiivje nceydo-mpBor pena y GyHKIUjU O
BpeMEHa H3pavyyHaTe Cy Kao eKCIOHCHIMjaJlHe jeJHaYyuHe JApyror pexaa, momohy
Kommujyrepckor mporpama OriginPro 8. JlobujeHo je m00po ciarame n3Mel)y u3padyHaTux u
EKCIepPUMEHTATHO JO0MjeHuX BpeaHocTH mTo ce Buau ca Cmuka 3.6, 3.7., 3.8. u 3.9.
JlobujeHe BpeAOCTH KOHCTAaHTH Op3MHE 3a PBU M JPYTH KOPAK PEaKIMje 3a CBE HCIUTUBAHE

CYNCTUTYLIMOHE peakuuje nate cy y Tabemn 3.2.

0,18
18 { Kovra's™ npBU Kopak 309.9K 0.6 | Kova's™ ApYM Kopak 309.9K
014

012

01
0ps
008
0pa
op2

02
i [L-His}'M 5 [L-His]M
0,000 0,001 0002 0003 0,004 0,006 0,006 0 0,001 0,002 0,003 0,004 0,008 0,006
12 0,18
Kopia's™? NpBU Kopak 300,96 Kopoa's™ APYrn Kopak 309.9K

0,14
0,12
0.1
0,08
288.2K
0,08
0,04 —‘—_‘_—___/
0,02
[5"-GMP] M [5"-GMP}'M

0
0 0,001 0,002 0,003 0,004 0,005 0,008 o 0,001 0,002 0,003 0,004 0,008 0,007

Cnuxka 3.6. 3asucnocm KoHcmauwme Op3une peaxkyuje nceyoo-npeoe peda 3a Npseu Kopak,
Kobsd, © 3a Opyeu kopax, Kopsas, 00 KOHyeHmpayuje nueanoa u memnepamype 3a peaxyujy
cyncmumyyuje  [Au(bipy)Cl,]* ca L-His u 5-GMP y 25 mM Hepes nygepy,
[CIT=20mMupH=7,,2.
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48 0,12

Lt NpBU Kopak Kot 1a'8™! APYru Kopak

v 0,1
0g /

o0

[ X-] l
04 0,08
od 0,04
0,2
0,1 2

. [5°-IMP]'M [5-IMP ]

1] o

o 0,001 0,002 0,003 0,004 0,005 0,006 o 0,001 0,002 0,003 0,004 0,005 0,008
08 0,03 =
Kopia's™ NPBN Kopak Kopra's APy Kopak
05 0,025 /
0.4 002
03 0,015
0.2 001
0.1 0,005
Ina]l' M [ma]lM
Le] o
o 0,001 0,002 0,003 0,00 0,005 0,006 [+] 0,001 0,002 0,003 0,004 0,005

Cnuka 3.7. 3asucnocm Koncmanme Op3uHe peaxyuje nceyoo-npeoe peod 3a Npseu Kopax,
Kobsa, u Opyeu Kopak, Kopsds, 00 KOHyewmpayuje iueanoa 3a peakyujy Cyncmumyyuje
[Au(bipy)Cl.]" ca Ino u 5-IMP uwa 298K y 25 mM Hepes nygepy,
[CI'T=20mMupH=7,2.
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Kotng's™ 11
. npBU Kopak 3100 K o007 JHorma’® APYrn Kopak s
008
2980 K
0,05 A
0,04
2882 K
0,03
0.0
¥ om
d [L-His]M [L-His]M
]
Q 0,001 0,002 0,003 0,004 0,005 0,008 o 0,001 0,002 0,003 0,004 0,008 0,008
o8 o™ 310.0K %z
obd =1
o7 { NpPBU KOpakK Kopea's AOpYrn Kopak 310.0K
0,1
08 298.0K
oie 298.0K
oe 288.2
04 A 0,08
03 ik 288.2
02
o1 0,02
! [5-GMP]M [5-GMP}'M
o o
0 0,001 0,002 0,003 0,004 0,006 0,006 0 0,001 0,002 0,003 0,004 0,005 0,006

Cnuka 3.8. 3asucnocm Koncmanme Op3uHe peaxyuje nceyoo-npeoe peod 3a Npseu Kopax,
Kobsaf, U Opyeu xopax, Kopsgs, 00 Komyemmpayuje nuecanda u memnepamype 3a peaxyujy
cyncmumyyuje  [Au(dach)Cl,]* ca L-His u 5-GMP y 25 mM Hepes nygepy,
[CI'T=20mMupH=7,2.
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A5 — 0,0205 -
000 | orre’® nNpBU Kopak 00 | Kovia'® ApYru Kopak
0,035 0,0295 1
0,03 0,029 4
0,025 0,0285
0,02 0,028
0,015 0,0275 1
0,01 0,027 4
0,005 [5-IMP] M 0,0265 [5°-IMP] M
0 0,026
0 0,001 0,002 0,003 0,004 0,005 0,006 o 0,001 0,002 0,003 0,004 0,005 0,006
0,08 — 0.0035 gy
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i 0.0025
0,05 3
0,002
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0.0015 1
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Cnuka 3.9. 3asucnocm koncmanme Opsume peaxyuje nceyoo-npeoe peoda 3a Npseu Kopax,
00 KOHYeHmpayuje aucanoa 3a peaxkyujy cyncmumyyuje

5-IMP 298 K y 25 mM Hepes

Kobsaf, # Opyeu kopak, Kobsds,
[Au(dach)Cl,]*
[CI'T=20mMupH=7,2.

ca Ino u Ha nygepy,
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0.16 4

[Au(bipy)Cl,]" + 5'-GMP

0.14 4

0.12 4

0.10 4

0.08 4

t(s)

Cnuka 3.10. I'pagux 3aeucnocmu ancopbanye o0 epemena 3a peakyujy cyncmumyyuje
[Au(bipy)CL)]* (1:10* M) komnaexca ca 5-GMP (3:10° M) na 320 nm, T = 298 K,
25 mM Hepes nygep, pH = 7,2 u 20 mM NacCl.

[TpBu KOpak peaxiyje je CyNCTUTYIHMja jeTHOT XJIOPUIHOT joHa U3 KomIuiekca ca N3
aTOMOM M3 MMH/Ia30JI0BOT TIPCTeHA y peakiiijama ca L-His, oqaocHo N7 aToMOM U3 MypHHCKE
6ase y pakmmjama ca  Ino, 5-IMP u 5°-GMP.B3M*% Koopumammja L-His ca Au(lll)
xoMmmuiekcuma 3aBucu on PH. Takohe, mo3nato je ma npu ¢usnonomkum ycinosuma Au(lll)
KOMITIEKCH TIOANexy xuapommsi.™ Ilopen Tora, mybnukoBano je aa L-His moxe ma ce
KoopauHyje 3a jaumakBa komruiekc Au(lll) 6unentaro.” Peakumje wusmel)y Hekux
oudynakmuonanaux Au(lll) xommiaekca u N-BesuBHUX Hykieoduaa ykbyayjyuu 5’-GMP cy
WCIIUTUBAHE paHI/Ije.83’91'147’148 OBe umHTEpakiyje Mory na Oymy Bpio 3Hayajue jep je JHK

91,92

HOTCHI_II/IjaJ'IHa MCTa 34 MHOI'C AHTUKAHLICPOICHE arcHCC Ha 0asu MeTana. HpI/IJ'II/IKOM

BesuBama AU(Ill) kommnekca ca 5’-GMP, ocum dopmupama Beze npeko N7 u3 5’-GMP,
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MoCToje Takoh)e ¥ HEKOBAICHTHE MHTEpaKIMje Koje JAomnpuHOce Behoj CTaOMIHOCTH
narpahesor npomssoza.” ¥

Jpyru Kopak peakiyje MNpeAcTaBba CYNCTUTYIH]y IPYror XJIOPHIHOT joHA W3
NOJIA3HOT KOMIUIEKca, Ipu 4emy ce opmupa 1 : 2 kommieke. Pen peaktuBHOCTH HyKIeopuia
je uctu 3a 00a mMpoydyaBaHa KOMIUIEKCA Tj. PEaKTUBHOCT Hykieodwsia omama Ha cieachu
HauwuH: L-His > 5’-GMP > 5’- IMP > Ino.

Ha ocnHoBy pe3synrara npukazanux y Tabemu 3.2. MOke ce MPUMETUTH Ja CE MPBU U
apyru kopak cyncrutymuje [Au(bipy)Cly]” kommnekca oaurpaBa Opike HEro  Koj
[Au(dach)Cl,]" kommexca. Beha peakrusroct [Au(bipy)Cl,] koMmekca Mosxe ce mpunucaty
YHLCHUIM J1a je Y OBOM KoMiuiekcy mnoBehana enexkrpoduaroct Au(lll) xao mocnemuiia
NPUCYCTBA MUPHINHA Y MOJIEKyITy DIpY Turania, Ha HaYMH Kao IITO je MPEIXOIHO OMUCAHO 32
[Au(terpy)CI]** komrureke. ™

CBe peakmuje cy IpoydyaBaHE Ha Pa3IMUMTUM TeMIleparypama, IITO je omMoryhmio
U3payyHaBamke aKTHBALMOHUX MapaMeTapa, CHTPOIHje aKTHBHPabha U CHTAJIIH]C aKTUBUPAha,
kopumtheweMm AjpuHrose jenHaunHe. J(oOWjeHM aKTHBAlIMOHU MapaMeTpu MPUKA3aHU Cy Y

Tabenu 3.2., T/Ie ce MOKE BUACTH Jia j€ U y TIPBOM H JAPYTrOM KOpPaKy €HTPOIHja aKTHBUPAha

3Ha4YajHO HETaTHBHA IIITO yKa3yje Ha acOLMjaTUBHU MEXaHU3aM CYIICTUTYIIH]E.
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Tabena 3.2. Koncrante Op3uHE W aKTHUBAllMOHM IapaMeTpu 3a IPOyYaBaHE CYICTUTYIHOHE peakuuje Ou(yHKIIMOHATHUX

[Au(bipy)Cl,]" u [Au(dach)Cl,]" kommekca y 25 mM Hepes mydepy, pH = 7,2 u 20mM NacCl.

[Au(bipy)Cl]"

IIpsu kopak ko ¢/ Mt AHZ,ﬁ/kJmoI'l ASzfﬁ/J Kmol? k.z,f[CI']/S'l AH-Z’f#:/k\]mOI-l AS.zyfi/J K'mol?
L-His (2.04 +0.06) x 10> 26+ 6 -110 + 20 (5.1+0.1) x 102 47+ 3 -110+ 10
5’-GMP (1.49+0.05)x 10> 7+3 -180 +10 (3.9+0.9) x 102 86 +2 T2

5’-IMP (0.47 +0.02) x 10> - - (4.62+0.08) x 10" - -

Ino (0.40 +0.02) x 10> - - (2.66 +0.07) x 10* - -

Hpyau kopax kos/M7s™ AHZ,f/kJmOI'1 AS, 1] Klmol? Kkas[CIT/s™ AH-z,s;t/kJmorl ASa51 K*mol™
L-His 16.7 +0.6 19 +2 -160 + 8 (13+0.2)x 1072 71+2 48+ 7

5°-GMP 10.3+0.3 33+3 120+ 10 (3.9+0.1)x 107 14 + 3 169+ 9
5°-IMP 43+05 ] ; (74+0.2) x 107 _ )

Ino 1.1+0.1 _ - (2.10£0.05)x 102 - i
[Au(dach)Cl,]"

IIpsu kopak ko ¢ Mt AHzﬁlkJmoI'l A821f¢/\] Kmol? k.z,f[CI']/S'l AH-Z,ﬁ/kJmOl-l AS.zyfilJ Kmol?
L-His 7542 14+3 -160 + 10 (8.0+0.1) x 102 14+4 -180 + 20
5’-GMP 66 + 2 10+ 3 170+ 10 (1.86+£0.04)x 10T 2145 -190 + 20
5’-IMP 6.0+0.3 - - (4.0+ 0.1)x10° - -

Ino 9.9+0.9 - - (1.20+0.03) x 10% - -

Hpyeu kopax kos/M7's™ AHz,f/kJmoI'l AS, 71 Klmol? Kkas[CIT/s™ AH-z,s#/kJmorl AS51 K*mol™
L-His 46+03 24 + 4 -160 + 20 (2.2+0.1) x 102 19+5 -180 + 20
5’-GMP 6.2+0.3 27+ 5 -140 + 10 (3.1+0.1) x 107 48 +2 -120 + 10
5’-IMP 0.56 + 0.02 - - (2.60+0.01) x 10% - -

Ino 0.32 +0.03 - - (1.0+0.1) x 10° - -
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3.3. Pe3yararu HCIIMTUBAKbA peakuuja CYNICTUTYIIHje OM(PYHKIIMOHAJTIHHUX
[Au(en)Cl,]* u [Au(SMC)CI;] KOMILIEKCa ca a30T-A0HOPCKUM

0MOMoOJIeKyIUMAa

HcnuTuBaHe cy CYNCTHTYIHOHE peakimje kommmiekca [Au(en)Clo]" n [Au(SMC)CIy] ca
N-monopckuMm smranguma Ino, 5°-IMP, 5°-GMP u L-His cnektpodoromerpujcku, npahemem
MpOMEHE arcopOaHIle ca BPEMEHOM Ha PaJHO] TAIACHO] AYXKUHU, Ka0 peakiuje nceyo0o-TpBor
pena. Ce peaknuje cy npahere npu GU3HOIOMIKUM ycioBuMa Tj. Ha pH = 7,2 y 25 mM Hepes
nyhepy y npucyctsy 20 mM NaCl. Peakuuje cy npaheHe Ha pasId4uTHM TeMIepaTypaMa H
pa3IUYUTHM KOHIICHTpaIijaMa Hykieoduia Ha stopped-flow uncrpymenty.

[Iparehu npomeny ancopOaHIle peaklIMOHE CMEIIe ca BpeMEHOM Ha oJipel)eHoj TanacHoj
Iy’XKMHH, a TpPH YCIOBHMa pEaKlHje nceyoo-TpBOT pena, No0HjeHe Cy KHHETHYKE KpHBE.
[IpepauyHaBameM [0OMjeHHX EKCIEPUMEHTAIHUX IoJaTaka Jo0WjeHe Cy BpEAHOCTH 32
KOHCTaHTy Op3uHE peakiuje nceyoo-npBor peaa 3a npBU (Kopsaf) U ApyrH (Kopsds) Kopak
CYIICTUTYLIH]E.

[Ipahena je 3aBUCHOCT HOOMjEHUX BPEAHOCTH KOHCTAHTH Op3WHE peakluje nceyoo-pBor
pena, 3a mpBu (Kopsa 1) 1 apyTu (Kopsds) KOpak, y GYHKIHMjH O] KOHIIEHTpaIMje HyKIeo(huia, mpu
4yeMy je 1o0ujeHa JMHeapHa 3aBUCHOCT y CBUM IocMaTpaHuM ciydajeBuMa. Ha Crnnkama 3.11. u
3.12. mpuka3zaHe Ccy CBe €KCIIEPUMEHTAIHO JOOUjeHEe BPEAHOCTH 3aBUCHOCTU KOHCTaHTe Op3UHE
peakiuje nceydo-npBOr pena y GyHKIUjU O]l KOHIEHTpaIje Hykieoduia 3a CyNCTUTYIIHOHE
peakuuje [AuU(SMC)Cl;] xommuiekca u nykieodmra Ino, 5°-IMP, 5°-GMP u L-His wa tpu
temmeparype (288, 298 u 308 K) 3a o0a peakiinoHa kopaka.

CyncrutynuoHe peakiuje kBaaparHo-mianapaux Au(lll) kommiekca mpu maTum
EKCIIEPUMEHTATHIUM YCJIOBHMa OJ[BHjajy ce Kao mTo je mpukazano Ha lllemu 3.3. TIpBu kopak
peakiuje je PpEeBEep3UOMIIHM TPOIEeC Yy OKBUPY KOT C€ jedaH XJIOPUAO JOH CYICTUTYHIIIE.
Mebhytum, kako je y pacTBopy KoHUeHTpanuja xsopuaa 20 mM, conBOMUTHYKH IyT je
eJIMMUHKCAH U YCIIOCTaBJba c€ paBHOTEXka. [[pyru Kopak peakxiyje, rie A0J1a3u J0 CYNCTUTYIIH]e

. . 11
JPYTOT XJIOPUIO JOHA HYKJIeo(HIIoM, je Takohe paBHOTEKHA PEaKIlH]ja. ®
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k
[AuCl(L)]" + Nu 4T2_f> [AuCI(LYNW]** + CI
2f
Ko
[AuCI{LY(Nw)]*" + Nu .TZ_'— [Au(L)(Nu),]*" + CI

=28

L = S-meTnin-L-niucrenH win eTwieHInaMiUH

Nu = 5’-IMP, 5°-GMP, Ino wmu L-His

lema 3.3.

KoHcranTa Op3uHe peakiije nceyoo-pBor pena, Kopsd, 3aBHCH O] KOHIICHTpAIUje
HyKIeopuiIa Ha HAYMH Kao INTO je mnpukazaHo jemHaumHama 3.4 u 3.5. Koncranra
Ko ¢ mpencTaB/ba KOHCTAHTY Op3WHE AMPEKTHE peakildje MPBOr CTyIba peakiuje, a Kof je
KOHCTaHTa Op3WHE MOBpaTHE peaknuje. J[upekTHa peakiuja Ipyror Kopaka IpeicTaB/beHa je
KOHCTaHTOM Kys, a Ko mpeacraB/ba KOHCTaHTy MOBpaTHe peakiuje. Kao mTo ce BUaM H3
jenHaunHe KOHCTaHTe Kot UM K-pf MOTy Ja ce oxpelae M3 Harmba OJHOCHO OJIc€YKa IMPaBHX

npukazanux Ha Cimukama 3.11., 3.12., 3.13. u 3.14.

Kopsa,i= K5 + Ko[NU] (3.4)

Koncranra Op3uHe nceydo-mpBoOr pefia 3a APYyrd KOpaK peakiidje MOXKE Jla ce MpPUKaxe

jemHadrHOM 3.5.

kobsd,s = k—2,s + kz,s[NU] (35)

JloOujeHe 3aBUCHOCTH KOHCTaHTE OpP3MHE PEakilnje nceyoo-npBOT peaa y GYHKIUjU Of
BpEMEHa M3padyHaBaHE Cy Ka0 €KCIIOHEHIINjJTHE jeTHAaYMHE APYTOT peia, IPH YeMy je J001jeHO

,Z[O6p0 cllarambe 1/13Meljy HU3pavYyHaTUX U CKCIICPUMCHTAJIHO ,[[O6I/IjeHI/IX BPECAHOCTU HITO C€ BUAU
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ca Cimuka 3.11., 3.12., 3.13. u 3.14. JloOujeHe BpeaOCTH KOHCTAaHTH Op3WHE 3a MPBH W IPYTH

KOpaK peakiiyje 3a CBe UCIIMTUBAHE CYIICTUTYIIMOHE peakiyje aare cy y Tabenu 3.3.

Cnuka 3.11. 3asucnocm xoncmanme Op3uHe peaxyuje nceyoo-npeoe peda 00 KOHYeHmpayuje
[AU(SMC)Cly] komnnexca ca

HyKneoguna 3a npeu u Opy2u KOpak cyncmumyyuje

N-oonopcxkum nyxneoguruma L-His u 5-GMP na mpu memnepamype (288, 298 u 308 K) y

NnpBU Kopak

309,9K

[GMP]M

Lo e

Keps's™! NMPBU KOopakK 1 | Kess? APYrn Kopak
1,2 9
1
- 281,1K
o8
288 K 05 1
/ 0,4 4
02 4 )
[His}M o MislM
o 0,001 0,002 0,003 0,004 0,005 o 0,001 0,002 0,003 0,004 0,005
25
Kanels™ L

APYru Kopak

3099 K

289

2882 K

[GMP]A

o 0,001 0,002 0,003 0,004

0,005

25 mM Hepes nygepy, [CI] =20 MM u pH =7,2.
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15

10

3 B 8 8 8 8 3

1]

0,005

25
K, '8! gl
NpBU Kopak Kopy APYrM Kopak
310 K 2 JOK
1,5
28K 298
265,1 1 288,1K
05 —[/
[Ino]™mM o [Inol ™M
o 0,001 0,002 0,003 004 0005 o opo1 opoz 0,003 0,004
3
K,p,'s! Kop.is™!
! NPBH KopakK 310K * npyr“ KoPaK 310K
298 K

2881 K

’/’/‘_’,’_’_4;;]’.;

[IMP] M)

o 0,001 0,002 0,003 0,004 0,005

0,001

0,002

0,003

0,004

Cnuka 3.12. 3asucnocm xoncmanme Op3une peakyuje nceyoo-npgoz peda 00 KoHyenmpayuje

nykneoguna sa npsu u opyeu kopak cyncmumyyuje [AU(SMC)Cly] komnnexca ca N-oonopckum

nykneopunuma Ino u 5-IMP  na mpu memnepamype (288, 298 u 308 K) y 25 mM Hepes

nygepy,

[CIT=20mMupH=7,2.
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Kop1a's™! 310K pyory 3099
: npBu Kopak Kopia'S X
% p P S APy Kopak
06 D
0,1 298,1K
05
04 g 288 K
0,08 —____‘____‘__.——o———-—""_‘/
03 -
02 0,04
0,1 0,2
[His}10° M 5 [His]10°/M
o
0 1 2 3 a 5 6 0 1 2 3 a 5 6
05 0.06

045 { Koa's™” npBu Kopak -
04
0.35
0.3
0.25
0,2

Keps/'s™ APYT! KopakK 310.0¢
*208,1K %5 298.0K
a A
L_ES 0.04 281K
A 208K

0.03 —___‘__—__‘___——'-—_'—‘——_—‘———d

015 0,02
01
o
0,05 . .
3 [5°-GMP]'M [5°-GMP] ™M
0
0 0,001 0.002 0,003 0.004 0,005 0.006 0 0,001 0,002 0,003 0,004 0,005 0,0/

Cnuka 3.13. 3asucnocm koncmanme Op3uHe peakyuje nceyoo-npeoe peda 00 KOHYenmpayuje
nykneogura 3a npeu u Opyeu xopax cyncmumyyuje [Au(en)Cl]*  xomnaexca ca
N-oonopcrkum nykneogpuruma L-His u 5-GMP na mpu memnepamype (288, 298 u 308 K) y
25 mM Hepes nygepy, [CI] =20 MM u pH = 7,2.
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AT 0,025
Keonga's™ v =

V'R R NPBU Kopak Kyprq'S™ APYTU KOpak

0,45 0,02

04+

043 0,015 s

" 0,01

0,4

0.4 0,006

- 5" IMP]104/M [5"1MP} 102/
0,38 o

[1] 1 2 3 4 5 0 1 2 3 4 5 -]

0,045 1,14

0,04 1,12 {Kepia's™ ApYyru Kopak

1,4
1,08
1,06
1,04
1,02

[Ino] 10-/M 098 [Ino}/10</M
0,96 - ~

1] 1 2 3 4 5

Lt} 1 2 3 4 5 ]

Cnuka 3.14. 3asucnocm xoncmanme Op3uHe peaxyuje nceyoo-npeoe peda 00 KOHYeHmpayuje
nykneoguna 3a npsu u Opyeu kopak cyncmumyyuje [Au(en)Cly]”  xomniexca ca
N-o0onopckum nykaeogunuma N0 u 5-IMP na mpu memnepamype (288, 298 u 308 K) y 25 mM
Hepes nygepy, [CI] =20 MM u pH = 7,2.
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[Au(en)CL]" +L-His

t(s)

Cnuxa 3.15. Kunemuuka xkpusa 3a cyncmumyyuony peaxyujy usmehy (1-10* M) [Au(en)Cly] *u
L-His(3:10° M) na 300nm, T = 298 K, 25 mM Hepes nygep, pH = 7,2 u 20 mM NaCl.

[IpBu Kopak peakiuje onurpasa ce Kpo3 HykjieopunHu Hanaa N7 atoma mypuHcke 6aze
u3 monekyna INO, 5°-IMP u 5’-GMP, unu namagom N3 1oHOpCKOr aToMa MMMIA30JI0BOT
npcTeHa u3 Monekyna L-His, a mobuja ce mpou3Boja y KoMe je jemaH XJIOPHIO0 jOH U3 TOJIa3HOT
KOMILIEKCa CYHCTI/ITyI/IcaH.gz’Ml Ha ocHOBY 100MjeHHX BpEJHOCTU KOHCTAHTH Op3WHE 3a MpPBU
kopak cyncrutynudje, (Kzf), 3a [Au(SMC)CIl;] kommuiekc Moke ce Buaetd jga HajBehy
peakTHBHOCT mokasyje 5°-GMP, ok L-His, nako Mamu Mojekyi, mokasyje Mamby peaKTHBHOCT.
Hemro mamy peaktuBHOCT o7 5°-GMP u ox L-His mokasyjy 5°-IMP wu Ino. OBakaB pen
PEaKTHBHOCTH HCIUTHBAHUX N-JOHOPCKMX HYyKJIeo(pHIa MOXE C€ TPHUIHCATH CTEPHUM U
CNICKTPOHCKUM  KapakTepucTukama u3abpanux Hykineodpuna. HWcenurtusanu [Au(SMC)CI]

KOMIIJIEKC je HeyTpasaH ¢ 003upom ja je Ha pH = 7,2 xapOokcuiiHa rpyna KOOpJIMHOBaHE aMUHO

KHUCCIIMHEC OCIIPOTOHOBAHA. Pen PCAKTUBHOCTU HCIHUTHUBAHUX HyKJIeO(I)I/IJ'Ia y peaKI_II/IjI/I
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cynctutynmje ca kommmiekcom [Au(en)Cly]”  je napyraumjm y omsocy Ha [Au(SMC)CI,]
komruieke: L-His > 5’-GMP > 5’- IMP > Ino.

Jlpyru Kopak peakiyje MpelcTaBiba CYNCTHTYIHU]y apyror xiopuaHor jona u3 Au(lll)
KOMIUIEKca HykieopmioMm mpu demy ce (opmupa 1:2 xommiuekc. MehyTtum, Ipyru Kopak
CYIICTHTYIIH]€ j€ CIIOPHjH Y OJIHOCY Ha MpBU Kopak y npoceky 10 - 20 myra. Takohe, penocnen
PEaKTHBHOCTH WCIMTUBAHWX HYyKJIcO(pWIa HHje WUCTH Kao KOJ| MPBOT PEAKIIMOHOT KOpaka.
JloOujeHn KWHETUYKU ToJanu jacHo ykaszyjy aa 5’-GMP pearyje opxe ox 5°-IMP u Ino.
Ha pH = 7,2 momenyrtu Hykineodwmin ce kKoopaumHyjy mpeko N7 aroma, kao mTO je paHHje
pedeHo. Hajmama peaktuBHOCT INO MOXe ga ce 00jacHH MOCTOjalkeM Ipe-acolujaruje usmehy
KomIUiekca Metana u hocdartae rpyne u3z mojaekyna 5°-GMP u 5°-IMP. Kox kommiekca Pt(11)
MOKa3aHOo je Jla HaBEeJCHU MpPOLEC CMamyje KOHCTAHTY 6pSI/IHe,71 amu kox komruiekca Au(lll)
MMaMo CYIpOTaH edeKar.

Kao Hajmame BOJYMHHO3aH MOJICKYJ OJ HCIHTHBaHMX Hykieodmia L-His pearyje
Hajopxe y peakuuju ca [Au(en)Cly]" kommnekcom. Mehyrum, y peaximjama ca [Au(SMC)Cl,]
KOMILIEKCOM YCIIeH [OCTOjamba mpe-acounjamuje, 5’-GMP ce mokasao kao Hajoossn HyKIeo(mn
nako je N3 arom Ha pH = 7,2 mormyHo I[erOTOHOBaH.lso

WuHepTHY JMTaH] y KOOPAMHALMOHO] chepr KOMILIEKCa Takohe MMa BEJIHMKH yTHUIlA] Ha
Op3uHy oJurpaBama cynctutynuone peakuuje. Peakiuje [Au(SMC)Cl,] xommekca oaurpasajy
ce 7Ba myTa Opke y ofgHOCY Ha McTomMeHe peakumje [Au(en)Cly]” xommnekca. Pasmuka y
PEaKTHBHOCTH OBa JIBa KOMIUIEKCA MOXE Ja Ce€ TMPHUIHIIE PA3IUYATAM CTPYKTYPHUM H
eNeKTpoHCKUM Kapakrtepuctika SMC u en nuranana. Takohe, mpanc-edexar, Koju je u3paxeH
kox komiutekca [AU(SMC)CI,] nosehasa mweroBy peakTHBHOCT.

Behuna cyncTuTynMoHuX peakiyja MCIUTHBAHA j€ Ha pasIUMTUM TeMIlepaTrypama.
[IpomMeHa eHTpomMje aKTHBHpama j€ HEraTHMBHA IITO yKa3zyje Ha acolMjaTMBHU MEXaHH3aM
cyHCTI/ITyuI/Ije.116 Y cBUM HCHHMTHBAaHHMM peakllijamMa MpPOMEHa EHTPONHje aKTUBHpama HMa
HEeraTUBHY BPEJHOCT U 3a IPBHU U 3a Ipyru Kopak cyncruryuuje (Tabena 3.3).

Kommreke [Au(SMC)Cly] pearyje oxo 10°-107 myra Gpxe y oxHOCY Ha MECILIATHHY, JOK
[Au(en)Cl,]* pearyje 10°-10* nyra Gpsxe ox umcratmre. OBu pesynratd motephyjy aa ce
cyncruryiuone peakuuje Au(lll) komrekca onurpasajy 3HaTHO OpXe Y OJTHOCY Ha UCTOMMEHE

peakuuje Pt(11) KoMIuiekca, ' 138191152

83



Ana Bexosuh 00KmMopcKa mesda pesyrmamu u OUCKycuja pesyimama

Tadena 3.3. Koncranre 6p3uHe ¥ aKTHBAIMOHM TIapaMeTpH 3a MpoydaBaHe cynctutynuone peaxuuje [Au(SMC)CI;] u [Au(en)Cl,]"

komruiekca 3a nmpBH (Ko ¢) u apyru (Ko s) kopak peakiuje y 25 mM Hepes nydepy Ha 298 K, pH = 7,2 u 20 mM NaCl.

[AUCI(SMO)T*

IIpeu xonpax ko/M st AH,*/kJmol™? AS,1IK  mol™ ky/s™ AH{*7kJmol™ AS1IK *mol™
His (7.86 +0.03)10° 35+3 - 70+ 10 24.8+0.8 16+ 1 -104 + 3
Ino (2.20 + 0.05)10° 211 123 £3 2.85+0.02 15+3 =100 = 10
5°-IMP (4.59 +0.06)10° 43+2 - 46+6 8.93 +0.02 36+2 - 827
5°-GMP (1.71 +0.07)10" 13+2 136 £ 4 39.440.2 9+2 -131+5
[pyeu kopax ky'/Ms™ AH,” IkImol®  AS, /IK ™ mol™ ki'/sT AH.” Ikdmol®  AS;”/IK ™ mol™
His (1.18 + 0.03)10° 41+2 - 84+6 0.246 + 0.007 28£2 84+ 7

Ino (1.89 + 0.04)10° 3143 2120+ 10 0.408 + 0.009 23+3 -140 = 10
5°-IMP (2.35+0.07)10° 35+3 100 + 10 0.387 + 0.002 29+ 4 94 + 6
5°-GMP (1.54 + 0.07)10 37+ 4 -100 10 0.430 + 0.003 22+ 4 -110 = 10
[AuCly(en)]*

Ipeu xonpak ko/M s AH,"/kImol™ AS;1IK ' mol™ ka/s™ AHTkImol™?  AS1IK'mol™
His 51+ 2 14+5 -170+ 10 (3.09 + 0.06)-10™ 20+ 3 192 +9
Ino 6.3+0.4 / / (0.40 £ 0.01)-107 / /
5’-IMP 14+1 / / (3.87 £ 0,06) 10" / /
5’-GMP 3342 24 +3 -140+ 10 (8.240.7)-10 39+2 -139+8
Jpyau xopax k2’/M™s™ AH,” [kmol™  AS,” /IK™mol™ Ky'/s™ AH” kdmol™  AS,” /IK ™ mol™
His 5.7+0.5 19+2 -168 + 8 (6.1+0.2)-107 1742 -180 + 10
Ino (2.6 £0.2):10° / / (0.10+ 0.01)-1072 / /
5°-IMP 1.7+0.2 / / (0.90 £ 0.07)-10% / /
5’-GMP 25+0.1 26 +2 -154 + 9 (3.1 0.04)-10 8 +4 -140+ 10
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3.4. 1PT uzpauyHaBama

JADT pauyHOM J00MIIO ce BUIIIE MToIaTaka 0 ToMe jia jiu ce ucnuruBane peakipje Au(lll)
KOMILJIEKCa OJJUTPaBajy Mo acoIijaTUBHOM (A) WM 10 MeXxaHu3My usMmene l,. 3pauyHaBama cy
BpLICHA 3a 1Ba MOJe]a peakuuje, Tj. 3a peakumje Koje mnomase ox [Au(terpy)CI** u
[Au(dien)CI]** kommiekca. Kao momen imrasza w3aGpaH je MMHIas’on 300r CIMYHOCH ca
UCIIUTUBAHUM  XETCPOLMKIMYHUM Hykieodpmiuma. Kako OM ce HCOHTA0 MEXaHH3aM
cyncruryudje  kopuiheHu cy kao moiasHu Komiuekcu  [Au(terpy)Cl]* (umunpazon) u
[Au(dien)CI]** (umuason). Hykineodun mmunason je y oba peakranta cmeurres Ha 2,7 A ox
Au(l1l) xatjona, nok ce Cl™ anjon y o6a ciyuaja nanasu Ha 2,33 A ox Au(lll) katjona. IIpexo
npenasHux crama  {[Au(terpy)Cl(umunazon)*Y u  {[Au(dien)Cl(umuznason)]*}, xoja cy
KapaKTePUCTHYHA 3a MEXaHH3aM M3MeHe 1o6ujeHn cy npoussomu [Au(terpy)(umumazon)]* -Cl”
u [Au(dien)(umuznazom)]**-Cl". V npenastom cramby AU-Njymmson Be3a je 3HaTHO Kpaha M TO
2.19 A xox {[Au(terpy)Cl(umunazon)]*} u 2,30 A oz {[Au(dien)Cl(amugazon)]**}. Takobe,
Au-Cl™ Besa usHocu 2,62 A u 2,52 A penom (Cruka 3.16). TokoM Tpaxkema HpeNasHOT CTamba
KapaKTePUCTHYHOT 3a MexaHu3aM m3MeHe, npuMeheHo je ckpahuBame Be3e AU—N,yunason 32 OKO
65% KOJ mpeNa3Hor CTama Yy OJHOCY Ha HMCTY AYKHHY Be3e KOJ peaKkTaHTa, IITO yKasyje Ha
MEXaHU3aM M3MEHE Ca acolMjaTUBHUM KapakTepoM Tj. |, Mmexanusam. Huje Omino nokasa na ce
dbopmupa UHTEpMETUjEep ca KOOPAMHAIMOHUM OpojeM 5, MITO je TUIHMYHO 3a aCOI[MjaTUBHU
MexaHuzam (A).

Ananmusupajyhu  eHepruje  aktuBanygje, y3umajyhu y  o03up  pacTBapad
(B3LYP(CPCM)/LANL2DZp//B3LYP/LANL2DZp + ZPE(B3LYP/LANL2DZp) 3a
[Au(terpy)CI]** u [Au(dien)CI]*, noGujera je 3a 50% Hika eHepruja akTuBaumje 3a terpy y
ogHocy Ha dien KOMIUIEKC, MTO je y CarjlaCHOCTH Ca EKCICPHMCHTATHO JOOUjeHUM
pesynratuma.  Oxrosapajyhm mpomsson mma 3a 4 kcalmol™ Behy emeprujy y ommocy Ha

PCaKTaHT, IMITO C€ MOKC MPUIIUCATH ,E[GHOKaHI/BaLII/IjI/I HACJICKTpHUCamka TOKOM IIponeca

CYTICTHTYIIH]E.
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i

S

)

peaKkTaHTH IIpeaasuHo crame NpoN3BOI
B3LYP: 0.0 kcal/mol 13.2 kcal/mol 8.8 kcal/mol
CPCM: 0.0 kcal/mol 5. 6 kcal/mol 3.5 keal/mol

PeaAKTaAHTH Ilpmamo CTame NpoM3BoOI
B3LYP: 0.0 kcal/mol 12.8 kcal/mol 0.8 kcal/mol
CPCM: 0.0 kcal/mol 12.2 keal/mol 4.2 kcal/mol

Cnuxka 3.16. U3pauynama penamusne cmabunHocmu cmpykmypa peakxmanamd, npenasHo2

cmarea u np0u360()a.

3.5. PesyaraTu 100ujeHu ucnuTHBAaH-eM HuTOTOKCcHuYHOCTH [AU(en)Cly]" n

[Au(SMC)CI;] kommJekca
Ucnurusan je yrumaj [Au(en)Cly]*, [Au(SMC)Cl,] u [AuCl,(DMSO0),]" kommnekca, kao

n tmucratuHe Ha CLL heJ'II/ij.153_154 CBa deTHpW UCIUTHBAaHA KOMIUIEKCA TIOKa3y]y

nutoTokcuyHe epexre Ha CLL henuju kao mto je mpukazano Ha Ciurm 3.17.
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Cnuxa 3.17. IJumomoxcuunocm ( #)[AuCl,(DMSO),]", (m) /Au(SMC)CI,/, (A) [Au(en),Cl.]" u
(®) yucnnamune na CLL henuju. CLL hewuja je mpemupana ca paszmuuumum 0osama
ucnumusanux Komniexca y oncezy 00 1,8 0o 250 uM. Ilpescusmwasarwe henuje je oopeheno na
ocnogy MTT mecma. Ceaxa mauka npedcmasba cpeor)y 8peOHOCH U CMAHOApOH) Oesujayujy 3

EKCnepumermaina meperoa ca 3 nonasmwarea no 0o3u.

Konnentpanuje ox 250 uM mo 15,625 uM [Au(en)Cl,]" xommmekca mokasyjy Behy
IIUTOTOKCHUYHOCT y ojaHocy Ha ucte KoHueHntpanuje [AUu(SMC)CI;] kommiekca. Mehyrum,
koHrentpanuje ox 250 uM mo 15,625 uM [Au(SMC)CI,] komriekca mokasyjy 3Ha4ajHO Marby
LIUTOTOKCUYHOCT y 0JHOCY Ha HcTe KoHuentpanuje [AUCI,(DMSO0),]" u uucnnarune.

Konnenrpanuja o 15,625 uM cux ucnuruBanux Au(lll) komruiekca u mucriaTuHe
nmokasyje mcty murorokcnaroct Ha CLL hemuju (y oncery ox 1,5 - 3,6 % muroToCcHYHOCTH).
Melhyrum, koHnenTpanuja ox 7,8 uM cBux ucnutuBanux komruiekca Au(lll) u nucruiaTuae He

nokasyje nurotokcuanoct Ha CLL hemuju.
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Csa tpu ucnurtuBana komiuiekca AuU(lll) jona u nucrutatiHa (KOHIIEHTpAIKja Y OICETy
on 250 uM mo 7,8 uM) mnokasyjy mnurorokcmunoct Ha CLL hemuju koja 3aBucH of

KOHIICHTpPALKje KOPUIINEHNX KOMILIEKCA.

3.6.  Pe3yaraTu 100MjeHH HCTUTHBAKEM HUTOTOKCHYHOCTH M3a0paHUX KOMILIEKCA

Au(lll) Ha 4T1 heauju u cipevyaBamy pacta Tymopa aojke koa BALB/C muina

UcnutuBana je  umroTokcmyHocT — kommiuekca  [Au(en)Cly]®,  [Au(SMC)CIy],
[Au(DMSO),Cl5]" u mucrmature Ha 4T1 henuju M 10OMjeHM pe3ynTaTH NPHUKA3aHM Cy Ha
Cnukama 3.18 u 3.19.

Cmamermhe KOHIIEHTpaluje KoMIUiekca mpalieHo je 3HadajHMM CMambeHeM IPOIEHTa
anontoTHYHUX henmja.

Iurorokcrynoct kommrekca [Au(en)Cl]", [AuCl:(DMSO),]" u mucnnatune y omcery
konueHrpanuje ox 2000 uM 1o 500 uM je Beha y omnocy Ha mutoTokcuuHocT [Au(SMC)CI,]
KOMITJIEKCa MCTE KOHIIEHTpaIIHje.

Konnentparuje xommiekca [Au(en)Cl,]" u mucnmature y oncery 500 pM 10 62,5 uM
nokasyjy Behy umrotokcmunocT y omsocy Ha [AU(SMC)Cl] u [AuCl,(DMSO),]" uctux
KOHIICHTpalLja.

IIpu KoHIEHTpauuju Kommaexca ox 125 uM u 62,5 uM, [Au(en)Cl,]" mokasyje Behy
nurorokcuynocT Hero [AU(SMC)CI,], [AuCI(DMSO0),]" u mucnnartuaa. MelhyTum, MucmiaTuHa
nokasyje Behy HIHMTOTOKCHYHOCT y ofHOCY Ha cBa Tpu ucrnuthBana AU(lll) xomruiekca mpu

KOHIIeHTpauuju ox 31,5 uM.
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HuroTokcnunoct komiuiekca Ha 4T1 heanju
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Slika 3.18. Pesynmamu ucnumugarsa yumomoxcuunocmu komniexca [AuCl,(DMSO),]",
[Au(SMC)CI,], [Au(en)Cl]" u yucniamune na 4T1 henuju. 4T1 hewja je 3acejasana ca
pasaunumum 0osama mecmupanux komniekca y oncezy 00 0,98 oo 2000 uM. Ilpescusmwasarse
henuje je oopehusano na ocnogy MTT mecmosa. Ceaxa mauxka npedcmagma cpeory 6peoHoCm

U cmanoapoHy oesujayujy 3 eKCnepuMeHmaiina meperba ca 3 NoHasbarba no 003U.

Kommnexcu [Au(en)Cly]", [Au(SMC)Cl,] w mmcnmaTmHa npu KOHIEHTpamHjamMa of
1563 pM u 7,81 uM  mnokasyjy roroBo HUCTy uuUTOoTOKCcMuHOCcT Ha 4T1 hemmju. Ilpm
konueHrpauuju o 3,9 uM [Au(SMC)CI,;] kommiekc mokasyje HajBehu IIMTOTOKCHYHOCT
(Crnuka 3.18).

[Ipu muckuM KoHmeHTpamujama (1,95 uM) xommekcn [Au(en)Cly]™ u [Au(SMC)CI,]
MoKa3yjy Behy IIUTOTOKCHYHOCT OJ1 LIUCIIIATHHE. [AuCIly(DMSO0),]" y OICery KOHIEHTPAIIHje O]
500 uM 10 1,95 puM rmokasyje 3Ha4ajHO Mamy ITUTOTOKCHYHOCT y mopehemy ca HCIUTHBAHUM

KOMILUTEKCHMa UCTHX KoHeHTparuja (Cnuka 3.18).
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CeMu-j10orapuramMcke KpuBe HHTOTOKCHYHHX epexara
Ha 4T1 heauju
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Cnuxa 3.19. Cemu-nozapumamcke kpuse yumomoxcuurnocmu [AUCI,(DMSO),]", [Au(SMC)Cly],
[Au(en)Clo]" u yucniamune na 4T1 henwuju. Ceaxa mauka npedcmasma cpeory 6peOHOCH U

cmanoapoHy oesujayujy 3 eKCnepuMeHmanHa mepera ca 3 NoOHas/barba no 003uU.

Csu ucniutuBanu Au(lll) kommiekcn u nucmaatuHa npu kKouientpauju ox 0,98 uM He
nokasyjy mmrorokcudHoct Ha 4T1 hemuju (Cnmka 3.18). Mebhyrum, ucnutuanu Au(lll)
KOMIUICKCH W TciuiatuHa (y orcery konmeHtpanuja ox 2000 uM mo 0,98 puM) moxkasyjy
LUTOTOKCUYHOCT Ha 4T1 henuju koja 3aBUCH O]l KOHIEHTpalMje KOpPHUIINEHOT KOMILIEKca
(Cnuka 3.19).

Tymop je youeH mpBU MyT KOJ MHINA M3 KOHTPOJHE TPYIe OCMOT JiaHa €KCIICPUMEHTA,
Kao0 M KOJ ABa MuIIa Koja cy npummna [AuCl,(DMSO),]" 1 ko jeaHor MuIma Koju je TpHMHO
[Au(SMC)CI;]. Takohe, Tymop je mpumeheH neBETOr qaHa SKCIEPUMEHTa KOJ MHIIA KOJH je
npumuo [Au(en)Cly]". To je jenunu mum koju je mpumuo mo03y [Au(en)Cly]" u kor kora je

nactao Tymop (Cnuka 3.20). [lo kpaja eKCriepuMeHTa TyMOp je mpuMeheH KOJI CBUX MHUIIIEBA W3
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KOHTpoJiHe rpyme (6/6) W Kom cBUX MuimieBa koju cy mpummid a03y [Au(SMC)CI,], u
[AuCl,(DMSO0),]" (6/6). Mehyrum, Tymop je npumelieH Ko caMo jeHOT MHUIIA KOjH je TIPUMHO
no3y [Au(en)Cl,]" (1/6) (Cnuxa 3.20).

Pact Tymopa nojke koa BALB/¢c Muma nocJie HHjeKTOBamba
50 000 T1 hesmja

7
E ¢ j/’/-j —+— KoHTpoamu Tect -
= 5 e - .
= ' - s [Au(SMO)CLCI
=4 A= 11C
S 3 = T 4+ [Au(en)ClL,]CI1
Py frf & [Au(DMSO0),CL,]Cl
= 1 4 ‘__.-'t’l & A 2 [Pt(NH,),Cl,]

s A " & A & A A & & -
0 ‘—“"'-l_-t' —— ! T
7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

JdaHH

Cnuxa 3.20. Pacm mymopa dojke ko0 BALBIC muwa nocne unoxynayuje 5 x 10* 4TI hewja.
Csaka mauxa npedcmasba cpedrby 8peOHOCH 8eluduHe MyMopa, Koja je mepena céakoza 0ana

HA MUmesuma U3 ceake cpyne.

Kako Ou ce ompenuia BenmMUMHA TyMOpa, €KCIEPUMEHTAIHE XHBOTHIGE CY CELUpaHe
JIBaJIECETIIPBOT JJaHAa €KCIepUMEHTa U Tymop je ykiomeH (Cnuka 3.20). [Ipumeheno je na cy
TYMOPH KOJl KOHTPOJHUX MuIIeBa Behu o Tymopa H0OWjeHMX W3 MUIIEBa KOjH CYy MPUMHIN
no3y Au(lll) kommiekca (Crnuka 3.20). On cBux ucnurtuBanux Au(lll) kommiaekca [Au(en)Cly]
Haj0oJbe yTHUE Ha NMpeBeHLH]y pacta Tymopa. Hajmawu Tymop je noOujeH u3 Muiia Koju je
npumuo o3y [Au(en)Cl;] (Cnuxka 3.20).

Mmu11 13 KOHTPOJIHE TPYIe ¥ MUIIEBHU KOju cy mpumitH no3e komruiekca [Au(SMC)Cly],
[AuCl,(DMSO0);]" u nucnmaTnEe M3ryOHIN Cy HAa TEKXHHH TOKOM €KCIIEPHMEHTa, JOK j& MHII
koju je mpummo mo3y [Au(en)Cl,]" xommiekca m06MO Ha TEKHHM TOKOM eKCIIEpPHMEHTa

(Cnuka 3.21).
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HaBenenu moOujeHr pe3yiaTaTH Ha OCHOBY IN VItr0 ekcrepuMeHara Iokasyjy aa
ucnutuBand kKomriekcu AU(lll) w mucmaarnHa mokasyjy nutorokcuuHocT Ha 4T1 hemuju.

CMmameme KOHIIeHTpalyje npaheHo je 3HauajHIM CMambEeheM MPOLICHTA allONTOTUYHHX henuja.

120+
100

Beanunna 80
TYMOpa 60.
mm3

|Elcontroll (ausMoOckicl O [auemcrja O [aumysoy.cijcr B (peNHL):CL

Cnuka 3.21. Benuuuna mymopa mepena 0sadecemnpgoe dana excnepumenma. Ceaxa KoioHa

npeocmassa cpedry 8PeOHOCH! 8eluyUne mymopa oopehene y cakoj epynu.

On Ttectupannx xommiekca Au(lll), [Au(en)Cly]" je moka3ao Haj60/by IHTOTOCHYHOCT
in vitro. Llurotoxcuunoct [Au(en)Cly]” u mucnartuHe je ciMYHA TPH CBUM HCITMTHBAHUM
KOHIIEHTpanrjama. JeauHo npu koHmeHTpamnuju oa 3,9 uM kommiekce [AU(SMC)CI;] je mokaszao
Behy umroTokcmunocT on kommiekca [Au(en)Cly]” w mmcnnatuHe, TOK NpH BPIO HHCKHM
xonmenTparmmjama (1,95 pM) obe xommrekca [Au(en)Cl]" n [Au(SMC)Cl,] mokasyjy Behy
IUTOTOKCHYHOCT O] IUCIIJIATHHE.

Pesynratu in Vivo excriepuMenara mokasyjy aa kommiaexc [Au(en)Cl,]" moxke na cipeun
pact mpuMapHor Tymopa jaojke koa BALB/c muma (Ciuka 3.20 u 3.21). CaMo KoJ jeTHOT MHIIIa
Koju je mpumao 103y [Au(en)Cl,]" kommiekca je HacTao TyMop, IIpH YeMy ce TYMOp I0jaBHO
KacHHje y OIHOCY Ha KOHTPOJHY TpyNy MHIIEBA W TPYIy MHUIICBA KOJU Cy HPUMIIH

[Au(SMC)CIy] u [AuCl(DMS0),]" xommnekce (Cruka 3.20).
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Cnuxa 3.22. Texcuna BALB/C muwesa mokom excnepumenma (mepersa cy epuiena npeoe u
nocieomwez oauma excnepumenma). Ceaka KONOHA NpeOCmMasnva Cpeory 6PEOHOCI MediCUHe

Muuiesa Uz ceake cpyne.

In VivOo ekcriepuMeHTH Cy MOTBPIWIM pe3yirare joOujeHe iN VIitro ucrnuruBamuMa Tj.
nokasamu cy na kommiekc [Au(en)Cly]" nma Haj6ossy muroTokcuunocT Ha 4T1 hemmju y ogHOCY
Ha cBe ucnutuBane Au(lll) komrmekce.

Kox MuriieBa koju cy mpumaitu o3¢ IucIiaTuie Huje npuMehen Hacranak tymopa (0/6),
Mmel)yTum, JBa MHUIIA Cy YrHHYJIa TOKOM €KCIeprMeHTa. JeaH MUII je YTHHYO JEBETOr JaHa a
APYTH JIBaJICCETOr JaHa CKCIePHMEHTa, JOK Cy CBH MHIIEBH KOjH Cy MNPUMAaId 03¢
[Au(en)Cl,]", [Au(SMC)CI;] u [AuCl;(DMSO),;]" xommiekca mnpexuBenn 10 Kpaja
excriepuMmenTa (Cruka 3.22).

Kommuexc [Au(en)Cl,]" mmmesn cy 6Gomse Ttomepucamu ox  [AuCly(DMSO),]",
[Au(SMC)ClI;] u nucruature, mro notephyje mopehame TEKHHE KO MHUIIEBA KOjU CY TPUMAaIH
[Au(en)Cl,]" (Slika 3.22). Pasnor mame Tokcuunoct [Au(en)Cl,]” y oasocy Ha mucmiatuay
MOXe J1a Oy/ie pa3IMYiTH MEXaHW3aM aHTUTYMOPCKOT JIejCTBa 371aTo KOMILIeKca y nopehemy ca
ucriaTiHoM. LlucrnnaTiHa akHTUTYMOPCKA CBOjCTBA MCIOJbaBa HAa Taj HAYMH IITO pearyje ca

JHK npu uemy dopmupa npousBoJ y KoMme je oHeMoryheHa TpaHCKpHUIILMja U PerIMKaluja
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JHK, mTo je mpaheno anorrrozom.>>*® Mexaunusam AHTUTYMOPCKOT JI€JCTBA 371aTO KOMIUIEKCa
Kao HH Oojomnika Meta 3a BesuBame AU(lll) komiutekca jomr yBek Hucy mo3Hatu. Melyytum, Heka
HOBHja MCTpaXMBama Cy IOKa3aja Ja ce MEXaHW3aM JICjCTBAa OBHX KOMIUIEKCA CAacTOjU Of
MoxudHKaIHje TOBPIIMHE MPOTEHHA M MHXHOMIHje ByHKIHje mporeacome,’” mwTo je moTyHO
Apyraddju MexaHusam o Mmexanusma aejcraa Pt(11) KoMILIekca. >

YV in Vivo ekcriepuMeHTHMa mokasano ce aa je [Au(en)Cly]" xommuekc crabumHujn y
dusnonomkum yenosuma o1 [AU(SMC)CIy] u [AuCl,(DMSO0),]". Moryhe objammeme je na
xommtekcu [AU(SMC)CI,] u [AuCl;(DMSO),]" caapske cyMIop y KOOpAMHAIIMOHO] cepH, IITo
3a MOCIIEANIY NMa Mamy CTa0MIIHOCT U Mamy PEAKTHBHOCT NPH (DU3HUOJIOMIKAM YCIOBHMA O]
[Au(en)Cl,]* kommiekca.’® Taxolje, kox OBHX KOMILIEKCa je HOLUIO 10 Opie PEAyKIHje mpH
(U3HOJIONIKUM YCIIOBHMA.

Ha ocHOBY CBHMX M3I0KEHHX pe3ynraTa Moxke ce pehu na je xommmekc [Au(en)Cly]”

nobap kanguaar 3a Oynyha dapmakoiiomka UCHUTHBamka y 00JaCTH WCIIMTHBAKHA M JICUCHA

KaHIlepa JI0jKe.

3. 7. Pe3ysitaTu 1004MjeHH HCTUTHBAK-EM IIUTOTOKCHYHOCTH KoMiuiekca Au(lll) na

A549 enurteny heanjcke JuHuje kapuuHoma miayha

Ucrmrusann xommaexcu Au(lll) jora, [Au(en)Cl,]", [Au(dach)Cl,]" u [Au(bipy)Cl]*
nokaszyjy uutotokcuuHoct Ha Ab549 hemmju (Cimke 3.22, 3.23 u 3.24). Tlosehame
KOHIIEHTpalllje KoMIulekca mpaheHo je 3HauajHuM noehameM NpoIeHTa anonTOTHYHUX henyja.
VY koHuenTpaujckom omcery ox 7,8 pM g0 250 pM cBu TecTHpaHHM KOMIUIEKCH MOKa3yjy
CIIMYaHy ¥ Mally HOUTOTOKCHMYHOCT. MehyTum, pasziuky y HHMTOTOKCHYHOCTH IOKa3yjy IpH
KoHIeHTparmju o 250 puM. [Au(dach)Cl,]" mokasyje BenmKy HMUTOTOKCHYHOCT MPH UeMY je
npumehena ckopo 100% cmpt henmje. [Au(bipy)Cl,]" mokasyje Mamy INTOTOKCHYHOCT M J10BOJIHN
no cmptu henmuje y 40% cnydajeBa. 3aHumibuBo je na ce A549 henmje ymMHOXaBajy HaKOH
Tpetupama ca [Au(en)Cly]" (xonmentpamuja kommiekca 250 uM). CBa Tpu MCHUTHBaHA
KoMIUIekca 3mara Tmokadyjy 100% THUTOTOKCHYHOCT TIpH KOHIEHTpauwju ox 500 pM
(Cnuka 3.22)

Pesynrtatu no6ujenn Ha ocHoBY LDH TectoBa ce monynapajy ca pesynratuma 1001jeHUM

Ha ocHOBY MTT Tecrora (Crnuka 3.23).
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Ha ocnoBy onpahenux tectoBa yrBpheHo je na je Behmna henmja yrune Ha camom

mouetky armontose (Crnuka 3.24).

A549 24h

[Au(en)CL]C1

P——
e [Au(dach)CL]C]

*  [Auipy)CLIC1

[P(NH.):CL]

Y% oapamsocTn hesmje

-20 % 15.625 31.25 62.5 125 250 500 1000

[Conc.]/uM

Cauxka 3.23. Pesnymamu yumomoxcuynocmu 0ooujenu na ochogy MTT mecma.

Pe3ynrati noOWjeHM NpPUMEHOM MPOTOYHE IUTOMETpPHje TOKa3yjy JAa KOJA TNpHMEHe
UCIUTaTHHE Y paHoj (a3m amonToze cMmpt henmuje je m3paxkena kox 54,77% hemumja, 3a
[Au(en)Cl,]" 7,16 %, 3a [Au(dach)Cl,]" 21,19 % wu 3a [Au(bipy)Cl.]* 60,92 %.

Moxe ce 3akpyuntn aa [Au(bipy)Cly]" kommnekc mokasyje Behy HMTOTOKCHYHOCT Ha
A549 hemmju, mocne 24 cara Tperupama henuje OBUM KOMIUIEKCOM, y mopehemy ca
muctiaTuHoM. Takolhe, mokasano ce Ha ocHOBy MTT TecroBa ma NpH KOHLEHTPAIMH O

250 uM nu [Au(bipy)Cl,]" KoMmekc 1 IUCIIATHHA TTOKA3Y]y HCTH HUBO IIMTOTOKCHYHOCTH.
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LDH t1ect 24h a549

[Au{en)CL:]C1

[Aubipy)CL]C1

—.—
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—_—
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% mpreunx hesmja
e

[Conc.]iM

Cnuka 3.24. Peznymamu yumomoxkcuunocmu 0obujenu na ocnogy LDH mecma

Ceu ucnuruBanu komiuiekcu AuU(lll) mokasyjy umtoTokcuynoct Ha A549 emutery
henujcke nuuuje xapumHoma tuiyha (Cmuke 3.22, 3.23, 3.24). Cmameme KOHICHTpAIUje
npaheHo je 3Ha4yajHUM CMameHhEeM MpoleHTa anontoTuyHux henuja. [Ipu Hajehoj u HajMamO0j
kopurihenoj konnentparuju (og 500 uM mo 7,8 uM) CBH KOMIUIEKCH IOKa3yjy CIHYHY
LIUTOTOKCUYHOCT. Mehytum, npu koH1eHTpauuju oa 250 pM, 3a kojy mpeanocTaBbamo J1a MOXKe
na ce kopuctH in vivo, [Au(bipy)Cl,]* mokasyje Haj60sby IUTOTOKCHYHOCT OJ] CBHX HCTTHTHBAHUX
komriekca Au(lll) u ¥Ma CIMYHY IUTOTOKCHYHOCT Kao M IUCIUIATHHA KOja je KopuIilheHa Kao
KOHTpOJHHU Komruieke. [Ipu konnentpanuju on 250 uM, HakoH camo 24 cara o1 TpeTHpama
hemuja ca xommmexcom  [Au(bipy)Cl]" cxopo cee AB549 hemwje cy yruHyne
(Cruka 3.24).

TecT amonmTOTUYHOCTH TIOKa3yje BEJIMKH IMPOICHAT aronTo3e y paHoj (a3u HaKOH
tpermana ca [Au(bipy)Cl,]" (60,92 %) xommIeKcoM, TOK MPOIEHAT aloNTo3e KOJ IHUCIUIATHHE
mwsHocH 54,77 %, a xox [Au(dach)Cly]" 21,19 % wu [Au(en)Cly]" 7,16 % mTo ykasyje na je
aronTo3a TnaBHM MexaHm3aM 1o kome [Au(bipy)Cl,]" mcmosmaBa cBojy HMTOTOKCHYHOCT

(Cnuka 3.25).
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V cKIIajsy ca MpHKa3aHUM pe3ynTaThMa Moxe ce 3akpydnth 1a [Au(bipy)Cl,]" kommuekc
MoOke Ja Oyae nmobap kanmuaar 3a Oyayha ¢apmakosomika HCIUTHUBamka, Kao W HOBU

TCPAINICYTCKU arcHT 3a NPCAKIMHUYKA UCITUTHBAakhba KapIinHOMa nnyha.

Tect heanja [Pt(NH;),Cly]

069 5,66 L a.n

»
”

Annexin V Annexin V

 [Au(en)CL]CI ~ [Au(dach)CL]Cl

042 716 275 21,19

»
»m

199 163

Annexin V Annexm V
[Au(ipy)CL]Cl
768 60,92
i o
19
Annexin V

Cnuka 3.25. Pesynmamu mecma anonmo3se.
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3. 8. Pesyararu 100MjeHn nCNUTHBambeM epekaTa ayporuomasiara u komimiaexkca Au(lll)

jOHA HA MOKPET/LUBOCT U30J0BAHMX jajOBO/IA YOBEKA
H3onoeanu npenapamu amnyna

VY30puu CBUX ManyjeHata Cy IIOKa3alid CIOHTAaHY aKTUBHOCT KOja CE€ CacToju Ol
HAaM3MCHMYHHMX KOHTpakmuja ca amiumatygoM ox 10,7 £ 3,9 uN (3,9 uN = cranmapaHa
nesujanuja /SD/) u dpexdenujom ox 3 10 7 NUKITyca IO MUHYTH.

CrionTane mpoMeHe Y Hau3MEHUYHO] aKTUBHOCTH M30JIOBAHUX aMITyJia HUCY mpuMeheHe
HU TI0CJIe JIBa cata oj nmoverka npahema (F = 0.057, df; = 10, df, = 32, p> 0.05).

Aypotromanar (ox 2,9 X 10° M 1o 4,9 x 10™*M), [Au(bipy)CI,]CI (ox 3,3 x 10° M 1o
4,2 x 10°M), [Au(en)CL]Cl (oxz 2,9 x 10° M xo 4,2 x 10°M), [AuCl,(DMSO),]CI (ox
1,9 x 10® M 10 1,0 x 10°M) u DMSO (ox 1,9 x 10®M 10 1,0 x 10°M) nucy yruunamn Ha
CIIOHTAaHe KOHTpakKiyje n3onoBanux ,,Fallopiantube amnyma” (F = 0,873, df; = 8, df, = 27, p >
0,05; F =1,573, df, =7, df, =18, p > 0,05; F = 1,279, df; = 7, df,= 24, p > 0,05, u F = 0,636, df;
=7, df, =23, p> 0,05 pexom).

H3on06anu npenapamu npesnake

VY30puy CBUX MalyjeHaTa Cy IOKa3aid CIOHTaHy aKTUBHOCT KOja CE€ CacTOju O]
HaM3MEHUYHHMX KOHTpakKIkja ca amruiutyaom ox 7,6 + 2,8 uN (2,8 uN = cranmapana aeBujaimja
/SD/) u dpexdenmjom o 3 10 8 HHUKIyca 0 MUHYTH.

CnoHTaHe TPOMEHE Y HAaW3MEHMYHO] AaKTUBHOCTH W30JIOBAHUX TPEBJIaKa HUCY
npuMehene HH mocye aBa cata o1 nodyerka npahema (F = 0,057, dfy = 10, df, = 32, p > 0.05).

Kommieke [AuCly(DMSO0),]CI (ox 2,9 x 10° M 1o 4,2 x 10'5M) nokasyje nosehame
CTIIOHTaHE KOHTPAKIMje H30JI0BaHUX MPEBIIaKa MPU YeMy KOHTPaKIIMje 3aBUCE OJ] KOHIIEHTPAIIH]je
kopurnthenor kommuiekca (ECso = (8,62 £ 5,08) x 10°M, r = 0,620, p < 0,05) (Ciuxa 3.26).

Ayporromanar (o1 2,9 X 107 M go 4,9 x 10*M), [Au(bipy)Cl,]CI (ox 3,3 x 10°M xo 4,2
X 10°M) u [AuCly(DMS0),]CI (ox 1,9 x 10° M g0 1,0 X 10°M) Hucy yTHIany Ha CIIOHTaHE
KOHTpakije u3onoBanux npesiaka (F = 0,900, df, = 8, df, = 36, p > 0,05; F = 0,130, df; = 6, df;
=21,p>0,05uF =0,290, df; = 10, df, = 44, p > 0,05, penom).
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Hama wctpaxkuBama cy mokaszana ga camo jeman on ucnutuBanux AuU(lll) kommiekca
nokasyje epekar. Kommaeke [AUCl,(DMSO),]" moBoau 10 cTHMyIHCama CIOHTaHE AaKTHBHOCTH
u3osioBanux jajoBojaa. OBaj edekar tpeba mpunmcatu camom 3mary, Au(lll), Au(l) wiu Au(0).
Kako wucnuTHBaHM KOMIUIGKC HHje CcTaOWiiaH M JIaKO OTIYINTa 3JIaTO, 3a Pa3jHuKy O
ayporuomanara u [Au(bipy)Cl,]*, To 6u Morio na objacHu 6ok KOHTAK ca henmjama riuaTkux
muiha, a caMuM TUM 1 00JbH epeKaT OBOT HCIIMTHBAHOT KOMIUIeKca. Jlpyre cTyauje cy Takohe
noTBpausie Behy OHMOJIONIKY aKTHUBHOCT OPTaHCKHX jeIMIbEHha 371aTa ca ciabujuM BezaMa u3Mely
caMor 3J1aTa W oprackor jena mosekyna. > %% Pasiuke y cTaGHIHOCTH OpPraHCKHX jeHECHba

3J1aTa, IITO 3a IOCICAHMIY HMa pa3jIuKEe Yy 6I/IOJ'IOH_IKOj AKTUBHOCTH HAaBCIACHUX jC,Z[PI}Le}La,

CBAaKakKo Tpe6a y3€Thn 'y 0631/Ip MMPUIMKOM CHHTCTHCAalkba HOBUX JICKOBA Ha 0a3u 31ara.

100 A
90 A T
80 A
70 4
60 -
50

40 - / .\‘71\ A
30 I i

20 A

[ ¢ 111

10° 10’ 102 10° 10? 10°

Log (nM/1)

IToBehame CIOHTAHEe AKTHBHOCTH (%)

Cnuka 3.26. Cemu-nocapumamcke xpuse egexama [AuCly(DMSO),]", [Au(bipy)Cl]™ u
aypomuomaiama Ha CROHMAaHe KOHMpAaKyuje uzonosaunux npesiaxa jajosooa. Ceaxa mauxa
npeocmasma Ccpeorby 8pedHOCm  000ujeHny Ha OCHO8Y eKCHepUMEeHama Ha U30J08aAHUM

jajosoouma o0 paznunumux ocooa.
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3AK/bYYAK

W3yuaBameM CYINCTUTYHHMOHUX peaknuja monodyHkimonamaux Au(lll) komrurekca,

[Au(dien)CI]** u [Au(terpy)CI]**, ca Ino, 5>-IMP, 5°-GMP u L-His yrephero je xa:

* M3y4yaBaHu a30T-JIOHOPCKH JIMTAHIM TOKa3yjy BEIUKH aHHUTET MMpeMa KOMILICKCHMa
Au(Ill), [Au(dien)CI]*" u [Au(terpy)CI**

"  peakTUBHOCT HyKJeodwia onaaa y uusy: L-His > 5’-GMP > 5’- IMP > Ino

= xommiekc [Au(terpy)CI]** moxasyje Tpu myra Bely peakTHBHOCT y OXHOCY Ha
[Au(dien)CI]** komruieke

" Ha OCHOBY BpPEIHOCTH aKTHUBALMOHHMX Iapamerapa 3a CBE HM3ydYaBaHE CYIICTHTYIIHOHE
peakiuje yrBpheH je acouujaTuBHU MEXaHH3aM CYIICTUTYIIH]E

» JI®T wuspauyHaBama 3a peakumje [Au(terpy)CI]** u [Au(dien)CI]** kommiekca ca
UMHIa30J10M yKa3yjy Ja ce CYINCTUTYIHja oJurpaBa 1mo Mexanusmy msmene (ly) wim mo

acollMjaTUBHOM MeXaHu3My (A).

HcnutnBameM CyncTuTynuoHux peaknuja Oudynkumonannux Au(lll) kommiekca,
[Au(dach)Cl2]*, [Au(bipy)Cl,]", [Au(en)Cl,]" u [Au(SMC)Cl,], ca mykneoponuma 5’-GMP,
5°-IMP, Ino u L-His yrBpheHo je na:

* lcnuTuBaHM a30T-IOHOPCKHU JIMTAHU CY, U Y OBOM CJy4ajy, IOKa3ajal BeITUKU aUHUTET
npema omadpanum Au(lll) komruiekcuma

" CBe CYNCTUTYIHOHE peaknuje ucnutuBanux oudpynkimonanaux Au(lll) kommiekca ce
oJUrpaBajy y /iBa kopaka. [IpBu Kopak MmpeacTaBiba CyNCTUTYIU]Y JETHOT XJIOPUIO jOHA,

a Ipyrd KOpaK CYNCTUTYLH]Y JIPYTror XJIOPUAO jOH M3 MOJa3HOT Komruiekca. KoHcranTa
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Op3uHE 3a TPBU PEAKIIMOHU KOpak je Beha oa KOHCTaHTe Op3WHE 3a JAPYTH KOpak
CYIICTHTYIMj€ Y CBUM UCITUTHBAHUM PeaKirjama

"  peaKkTUBHOCT HyKJeodwia onaaa y Husy: L-His > 5’-GMP > 5’- IMP > Ino

" yYOueHo je Ja ce NpBH M APYTH Kopak cymcturymuone peakuuje [Au(bipy)Clo]®
KOMIIIEKCa OJIUrpaBajy Opxe Hero y cinydajy [Au(dach)Cl,]” kommekca

» peaknyje cyncruryudje [Au(SMC)CI,] xommiekca oamrpaBajy ce aBa IyTra Opike y
omHocy Ha peakuuje [Au(en)Cl,]" kommekca

"  BpEIHOCTH AKTHBAIMOHHX ITapaMeTapa 3a CBE IOCMaTpaHe CYICTUTYI[HOHE PeakIlhje
yKa3yjy Ha acolMjaTHBHH MEXaHU3aM CYIICTUTYIIH]E

» cBe peakiuje cyncrutyije cy npahene peaykiujom Au(lll) mo Au(l) wam Au(0). Ose

PEIOKC peakiiuje cy crope.

Ha ocHOBY mcIMTHBama uuToTOKCH4HOCTH Komiutekca [Au(dien)CI]*, [Au(bipy)Cla]*,
Au(SMC)CIL,], [Au(en)Cly]*, [AuCl:(DMSO),]" u [Au(dach)Cly]" Ha hemmjckum nmnHjama
[ ] ]

pa3NnMuYUTUX TyMOpa npuMeheHo je na:

+ .
»  kommieke [Au(en)Cly]” mokasyje MCTH HMBO IIMTOTOKCHYHOCTH Ka0 M IMCIUIATHHA Ha

CLL henuju, mro ra yuHu 70OpUM KaHAUAATOM 3a Oyayha hapMakoiomka HCIUTHBAKA

* in vitro ucnuruBama Ha 4T1 henujuckoj MMHUjU yKa3yjy Ja HajOOJbY IIUTOTOKCHYHOCT

nokasyje [Au(en)Cl,]" kommiexc

* in vivo ucutuBama Ha BALB/C mMummMa Takohe ykasyjy na kommiekc [Au(en)Cly]*
Haj0oJbe yTHYE Ha CIPEYaBarbe pacTa TyMopa JO0jKe€ MHMIIA, IITO YHHH OBaj KOMILUIEKC

no0puM KaHauaaToM 3a Oyayha ucnutuBama y 001acTy KaHiepa J10jKe.

» ycnmTHBameM 1mToTokcmunoctd [Au(bipy)Clo]T, [Au(dach)Cl]® u  [Au(en)Cly]"
komiuiekca Ha A549 enureny henujcke nuHMje KapiuHoMma Iutyha yrtBpheno je na

xommrexc [Au(bipy)Cl,]" moxasyje Haj60Iby IHTOTOKCHYIHOCT

» ox myuaBaanx AuU(lll) xommrekca [AuCl,(DMSO),]", [Au(bipy)Cl:]™ n [Au(en)Cly]
camo [AuCl,(DMSO),]" ctuMynumie crnoHTaHY aKTHBHOCT M30II0BaHMX jajoBoja. OBaj
edexaT Tpeba MpuUIUCaTH jOHY 31aTa, jep je kommiekc [AUCI,(DMSO),]" nectabunan u

JIAKO C€ pacrajia y pacTBopy.
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Ha kpajy moxxeMo ucrahu ga pe3ynaratud 100MjeHH y OKBUPY OBE JIOKTOPCKE JMCEpTaInje
JonpHHOCE 00JbEM pazyMmeBamy MexaHusaMma cyrncrutynunonux peakija Au(lll) xommiekca.
HcnuThBame CYNCTUTYIIMOHHMX peakimja MoHOo(yHKunoHanHux u Oudynkumonamaux Au(lll)
KOMIUICKCA, KOJH WMajy pa3lM4nTe WHEPTHE a30T-JIOHATOPCKE JIMTaHAe, MOXKe ToMohm
pasyMeBamy Be3e HU3Mel)y CTPYKType M pPEakTUBHOCTU. Pesynrati n0OWjeHH Ha OCHOBY
ucnuTHBama cyncrutynnonux peakiuja Au(lll) xommiekca ca OHOJOMIKK 3HAYajHUM
JUragauMa Mory momohu ga ce noOuje Buiie uH(GOpManuja 0 MOryhnM MHTEpakiyjaMa OBHX
KOMIUIEKca y IN VIVO yCIIOBUMa M HUXOBOj MPHUMEHH Ka0 aHTUTYMOPCKUX MeEIUKaMCHATa.
HcnutuBamwa nurorokcuunoctd AuU(lll) kommiekca oTkpuia cy HaM Ja HEKH O]l KOMILIEKCA
MOTy Jla TOCTaHy KaHmuaatd 3a Oyayha ¢apMakosiomika TecTHpamba Ha Pa3IHuUuTHM

KapaouHOMHUMA.
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We have studied the kinetics of the complex formation of gold(Ill) complexes, [AuCl,(en)]" (dichlorido
(ethylenediamine)aurate(IlI)-ion) and [AuCl;(SMC)] (dichlorido (S-methyl-L-cysteine)aurate(Ill)) with four
biologically N-donor nucleophiles. It was shown that studied ligands have a high affinity for gold(IIl) complex,
which may have important biological implications, since the interactions of Au(Ill) with DNA is thought to be
responsible for the anti-tumour activity. The [AuCl,(SMC)] complex is more reactive than [AuCl,(en)]*. L-His
reacts faster than the other N-donor nucleophiles in the reaction with [AuCl,(en)] ™", but in the reaction with

K ds: . . .
Gf(z)}fcvlv((lnlrl)s [AuCl,(SMC)] 5'-GMP is the best nucleophile. Gold(Ill) complexes are much more reactive than Pt(II)
Complexes complexes with the same nucleophiles. The activation parameters for all studied reactions suggest an

DNA associative substitution mechanism. The cytotoxicity of gold(Ill) complexes, [AuCl,(en)]", [AuCl,(SMC)] and

Kinetics [AuCl(DMSO0),]* was evaluated in vitro against chronic lymphocytic leukemia cells, obtained from blood of

Cytotoxic patients with chronic lymphocytic leukemia (CLL). The [AuCl,(en)]" complex show comparable cytotoxicity
profiles compared to cisplatin.

© 2010 Elsevier Inc. All rights reserved.

1. Introduction

Metal complexes have been used for decades as drugs in medicine.
For instance, cisplatin and the second generation of the complexes
such as carboplatin and oxaliplatin are still the most widely used
agents for the treatment of different types of cancer [1]. The success of
cisplatin has aroused great interest in the study of metal complexes as
possible application in medicine [2-5].

Gold(IlT) complexes have a long tradition in applications in
medicine as drugs [6-10]. In particular, during the last 10-20 years,
much interest has focused on gold(Ill) complexes [11-13]. Gold(III)
complexes are square-planar d®, isoelectronic and isostructural to Pt
(II) complexes. Moreover, gold(Ill) compounds appear to be very
good candidates for anticancer investigations. On the other hand,
because of their reductive potential, gold(IIl) complexes are not very
stable under physiological conditions [12]. Before there were not
many reports in the literature describing the cytotoxic properties and
in vivo anti-tumour effects of gold(Ill) complexes [14,15]. During the
last years, much interest has focused on gold(Ill) complexes as a
number of newly synthesized complexes [13]. The acceptable solution
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stability of these gold(Ill) complexes [16,17] facilitated extensive
pharmacological investigation, both in vitro and in vivo [18-22].

However, compared to the corresponding Pt(Il) complexes, ligand
substitution reactions of gold(Ill) complexes [23-26] have not been
extensively studied. Probably because of their poor kinetic and redox
stabilities, there is a tendency for reduction Au(Ill) to Au(I) and
disproportionation to colloid Au(0) [27].

Interest in the reactions of some biological N-donor nucleophiles
with gold(Ill) complexes could be very important because there is
evidence of direct interactions of gold(Ill) complexes with DNA
[20,28,29].

We have performed and now report here a detailed study on the
complex formation kinetics of some selected gold(Ill) complexes, viz.
[AuCly(en)]™, [AuCly(SMC)], [AuCl,(DMSO0),]* and [PtCl,(NH3),] (en
is ethylenediamine, SMS is S-methyl-L-cysteine) with some biologi-
cally important molecules such as: 5'-GMP, inosine (INO), 5’-IMP and
L-His. The reactions were studied in aqueous solutions at physiolog-
ical pH (7.2), using stopped-flow technique. In addition, we evaluated
and report here cytotoxic activity in vitro towards the chronic
lymphocytic leukemia cells (CLL). It was envisaged that this study
could throw more light on the interactions of gold(IIl) complexes with
nitrogen-donor nucleophiles.

Fig. 1 shows the structures of the investigated complexes. The set
of nucleophiles was selected because of their difference in nucleo-
philicity, steric hindrance, binding properties and biological relevance
(structures are shown in Fig. 2).
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2. Materials and methods
2.1. Chemicals and solutions

The nucleophiles INO, 5’-IMP, 5'-GMP and L-His were obtained
from Acros Organics and Fluka. Nucleophile stock solutions were
prepared shortly before use by dissolving the chemicals in purified
water. The ligands en, SMC and DMSO as well as Hepes buffer (N-2-
hydroxyethylpiperazine-N’-2-ethanesulfonic acid) were obtained
from Aldrich. Starting potassium-tetrachloridoaurate(Ill) compound,
K[AuCly], was purchased from ABCR GmbH & Co. KG, 98 %, while
cisplatin, cis-diamminedichloroplatinum(Il), cis-[Pt(NH3),Cl,], was
purchased from Aldrich. All the other chemicals were of the highest
purity commercially available and were used without further
purification. Ultra pure water was used in all experiments.

For the cytotoxicity determination further chemicals were bused:
fetal bovine serum (FBS), growth medium RPMI 1640, penicillin G,
streptomycin; (3-(4,5)-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazoli-
um-bromide (MTT), phosphate-buffered saline (PBS); dimethyl
sulphoxide (DMSO), histopaque 1077, trypan blue staining (all from

S\
HSC/ / X0
HaC Sigma Chemicals, Germany); 96 well plates (Sarstedt, Germany) and
Haemaccel (Theraselect Gmbh, Germany).

[AuCly(DMSO),]* [PtCl>(NH3),]

2.2. Synthesis of complexes

Fig. 1. Structures of the investigated complexes.
The compound [AuCl,(en)]Cl-2H,0 was prepared according to the

published procedure [30]. [AuCl,(DMSO),]Cl, was synthesized by
dissolving KAuCl, (0.2 g, 0.53 mM) in 5 mL 0.05M HCI in the dark.

(0]

HoN——CH—C—0H

NH, CH,

N \

\\—NH

histidine

inosine

inosine-5'-monophosphate

Fig. 2. Structures of studied nucleophiles.
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Under continuous stirring to the solution were dropped, first, 75 pL of
DMSO (1.06 pM) and later solution of 0.1 M NaOH, to adjust pH about
4.5. The mixture was stirred for 5h at room temperature and the
obtained yellow solution was left in the darkness to evaporate. After
few days formed dark yellow crystals were filtrated, washed with cold
water and dried. Found: H, 1.87; C, 7.21; S, 7.18. Calc. for AuC4S,0,.
Hq>Cls: H, 1.84; C, 7.32; S, 7.76%. [AuCl,(SMC)]Cl-H,0 was synthe-
sized starting from acid HAuCly. An acid (0.2 g, 0.8 mmol) was
dissolved in a little amount of water. To the solution was added S-
methyl-L-cysteine (0.105g, 0.8 mmol). After mixing the pH was
adjusted between 4 and 5 with solution of 0.1 M NaOH. The mixture
was stirred for a few hours and the clear solution was left to evaporate
in the dark at room temperature. After few days a brown powder was
formed. Found: H, 3.08; C, 10.73; N, 2.77; S, 7.01. Calc. for AuC,SO5.
Hy;NCls: H, 3.07; C, 10.52; N, 3.07; S, 7.02%.

2.3. Instrumentation

Chemical analyses were performed on a Varian III CHNOS
Elemental Analyzer, Elemental Analysensysteme, GmbH. The optical
density was measured using microplate multimode detector Zenyth
3100. UV-visible (UV-VIS) spectra were recorded on Shimadzu UV
250 and Hewlett-Packard 8452A diode-array spectrophotometers
with thermostated 1.00 cm quartz Suprasil cells. Kinetic measure-
ments were carried out on an Applied Photophysics SX.18MV
stopped-flow instrument coupled to an online data acquisition
system. The temperature was controlled throughout all kinetic
experiments to 4-0.1 °C. All kinetic measurements were performed
under pseudo-first-order conditions, i.e., at least a 10-fold excess of the
entering nucleophile was used.

2.4. Kinetic measurements

Spectral changes resulting from the mixing of complex and
nucleophile solutions were recorded over the wavelength range 220
to 450 nm to establish a suitable wavelength at which kinetic
measurements could be performed (working wavelengths are given
in Supp. inform. Tables S1-S8). Reactions were initiated by mixing
equal volumes of the complex and ligand solutions directly in the
stopped-flow instruments and were followed for at least eight half-
lives. Complex-formation was monitored as a change in absorbance
with time under pseudo-first-order conditions (an example is shown
in Supp. inform. Fig. S1). The kinetic traces were evaluated using the
OLIS KINFIT (Jeferson, GA) set of programs. All kinetic runs were fitted
to a double exponential function. The observed pseudo-first-order rate
constants, kopsq, Were calculated as the average value from five to
eight independent kinetic runs. Experimental data are reported in
Tables S1-S8 (Supp. material).

The temperature dependence of the second-order rate constants
was studied for all substitution reactions, over the range from 15 to
37°C.

2.5. Cell preparation

Chronic lymphocytic leukemia cells (CLL) were obtained from
heparinized whole blood of patients with chronic lymphocyte
leukemia who had not been receiving therapy during the last six
months. CLL cells were separated by density gradient centrifugation.
Cells were washed three times in haemaccel and resuspended in RPMI
1640 (20% FBS, 100 IU/mL penicillin G and 100 pg/mL streptomycin).
Cell number and viability were determined by trypan blue staining.
The study was approved by the Ethics Committee of Clinical Center
“Kragujevac”. Patients signed the informed consent forms.

2.6. Cytotoxicity assay (MTT)

Gold(Ill) complexes are biologically active substances of special
interest as potential anticancer agents. Effects of [AuCl,(en)]™, [AuCl,
(SMQ)], [AuCl,(DMSO),]* and cisplatin, cis-[PtCl,(NH3),], on cell
viability were determined using MTT colorimetric technique [31]. CLL
cells were diluted with a medium to 1x10° cells/mL and aliquots
(5% 10° cells/100 pL) were placed in individual wells in 96-multi-
plates. In addition, each well received 100 L of either [AuCl,(en)]™,
[AuCl,(SMC)], [AuCl,(DMSO0),] ™" or cisplatin, which had been serially
diluted 2-fold in a medium to concentrations ranging from 250 uM to
7.8 uM. Cells were incubated at 37 °C in a 5% CO, incubator for 24 h.
After incubation multiplates were centrifuged, supernatant was
removed, MTT solution (5 mg/mL in PBS, 10 uL) was added to each
well and the plates were incubated for an additional 4 h. The
multiplates were centrifuged, cell-free supernatants were suctioned
off, and DMSO (150 pL) was added to dissolve the crystals. The plates
were shaken for 10 min. The optical density of each well was
determined at 595 nm. The percentage of cytotoxicity was calculated
using the formula (Eq. (1)):

%cytotoxicity = 100—((TS—BGO)—E / (TS—BGO) x 100) (1)

where BGO is for background of medium alone, TS is for total viability/
spontaneous death of untreated target cells, and E is for experimental
well.

3. Results and discussion
3.1. Kinetic measurements

Here we report the results of kinetic studies of some d® square-
planar bifunctional gold(Ill) complexes. The substitution reactions of
[AuCl,(en)]™ and [AuCl,(SMC)] with nitrogen bonding nucleophiles
Ino, 5’-IMP, 5’-GMP and L-His were investigated spectrophotometri-
cally by following the change in absorbance at suitable wavelengths as
a function of time under pseudo-first-order conditions. All reactions
were studied at physiological pH 7.2 in 25 mM Hepes with the
presence of 10 mM NaCl, to prevent the hydrolysis of the complexes.
All reactions were studied as a function of nucleophile concentration
and temperature using stopped-flow technique. The complex, [AuCl,
(DMSO0),]", was unstable and spontaneously reduced under the
experimental conditions, so it was not possible to study the complex
formation.

Following the changes of absorbance of the reaction mixture at
suitable wavelength with the time we obtained kinetic traces for
studied pseudo-first-order reactions. By fitting these data as a two
exponential model in which the amplitudes have an opposite sign we
obtained the values for the pseudo-first-order rate constants for the
first (kobsa.r) and the second (kobsa,s) Steps of the substitution.

The obtained pseudo-first order rate constants first (kopsqf) and the
second (Kobsas) steps of the substitution were plotted versus the
concentrations of the entering nucleophiles. A linear dependence on
the nucleophile concentration was observed for all reactions.
Representative plots for the substitution reactions of [AuCl,(SMC)]
complex with nucleophiles Ino, 5'-IMP, 5'-GMP and L-His are shown
in Fig. 3. Graphics, where is shown a temperature and concentration
dependence of pseudo-first order rate constants for all studied
substitution reactions, are presented in Supp. material (Figs. S2-S9).

Substitution reactions of square-planar Au(Ill) complexes under
these experimental conditions can in general proceed according to
Egs. (2) and (3). The first step is a reversible process where in the
direct reaction nucleophile substitutes one chloride ion from the
coordination sphere of the starting complex. However, due to the
presence of 10 mM NacCl, the solvolytic step is eliminated and the
reaction becomes equilibrium. The second step is also in equilibrium
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Fig. 3. Pseudo-first order rate constants, kopsq, s a function of ligand concentration for the first and second steps of the substitution reactions between [AuCl,(SMC)] complex and
studied N-donor nucleophiles at 298 K in 25 mM Hepes buffer (pH =7.2) with the addition of 10 mM NaCl.

when another molecule of nucleophile substitutes the other chloride
ion [32].

k2.f
[AuCl, (L))" + Nu = [AuCl(L)(Nu)]*" + CL™ )
kys
[AuCl(L)(Nu)> ¥ + Nu lT—‘[Au(L)(I\Ju)Z]3 Y ora 3)

K25

L p—
Nu=

S-methyl-L-cysteine or ethylenediamine
5’-GMP, 5’-IMP, Ino or L-His.

The observed pseudo-first-order rate constant, kopsq , as a function
of the total concentration of nucleophile is described by Eq. (4) and
the rate constants k, sand k_ ¢ can be determined from the slopes and
intercepts of the plots (Fig. 3).

Kobsaf = k_a5 + ko g[Nuj. (4)

The observed rate constants for the second reaction step can be
expressed as given in Eq. (5).

kobsd,s =k_55 + ky[Nu]. (5)

All kinetic traces gave excellent fits to a double exponential (an
example is shown in Fig. S1, Supp. mat.). The rate constants for the
first and the second reaction steps for the all reactions, calculated by
Origin 6.1, are summarized in Table 1 and in Table S9 (Supp. material).

The first reaction step occurs via nucleophilic attack of the N7
donor atom of purine base comprised in INO, 5’-IMP and 5'-GMP
nuclephiles, or N3 donor atom of imidazole ring in the case of His,
resulting in the formation of a product by departure of one chloride
ion [33,34]. The rate constant for the first reaction step (k) for the
reaction of [AuCl,(SMC)] complex shown the order of reactivity of
used nucleophiles. Surprisingly, the highest reactivity shows 5'-GMP,
while L-histidine, as the smallest nucleophile, reacts slower than 5’-
GMP. Slightly less reactivity shows 5-IMP and Ino. This order of
reactivity of these N-bonding nucleophiles can be attributed to their
electronic and steric properties. The complex [AuCl,(SMC)] is neutral
because carboxylic group of coordinated amino-acid is ionized at
pH = 7.2. The reactivity of used ligands toward [AuCl,(en)]* complex
follows a different order: His>5'-GMP>5’-IMP>Ino.

The second step is the substitution of another chloride ion of the
studied Au(Ill) complexes with nucleophiles, resulting in formation of
1:2 complexes. However, the second step is slower compared to the
first step for all substitution reactions, about 10-20 times, respec-

tively. Also, the order of reactivity of nucleophiles in the case of [AuCl,
(SMC)] complex is not the same as it was in the first step. The kinetic
data clearly show that 5’-GMP reacts faster with studied complexes
than 5/-IMP and Ino. At pH=7.2, coordination via the N7 atom is
occurring. The higher reactivity of nucleotides than Ino can be
attributed to a primary process that involves partial pre-association of
the metal complexes with the phosphate group in 5'-GMP and 5’-IMP.
In the case of Pt(II) complexes this process slows down the reaction
rate [35], but in the case of Au(Ill) complexes the influence is opposite.

The less voluminous L-histidine reacts faster than the other three
N-donor nucleophiles in the reaction with [AuCl,(en)]™ complex. But,
in the reaction with [AuCl,(SMC)] complex partial pre-association of
5’-GMP has a dominant influence on the reaction rate [35] although
L-histidine is smaller and N3 atom at pH=7.2 completely deproto-
nated [36].

Also, the type of coordinated inert ligand has a large effect on
reaction rate. The reactions of [AuCl(SMC)] complex are approxi-
mately two order of magnitude faster than those with [AuCl,(en)]™
complex. The difference in the reactivity between these two
complexes could be explained by electronic differences between

SMC and en.

Table 1

Rate constants and activation parameters for the first (ko ¢) and second (k) steps of the
substitution reactions of [AuCl,(SMC)] and [AuCl,(en)]" complexes at 298 K in 25 mM

Hepes buffer (pH=7.2 and 10 mM Nacl).

AuCl,(SMC)] pg/M~ ' s™1 AHZ/k] mol ! AS3 /] K~ ' mol !

His (7.86+0.03)-10% 35+3 —70+10

Ino (2.20+0.05)-10° 21+1 —12343

5'-IMP (4.59+0.06)-10° 4342 —46+6

5'-GMP (1.71+£0.07)-10* 1342 —136+4
kps/M~ 1571 AHY /k] mol " AST/J K~ mol !

His (1.18£0.03)-10? 4142 —84+6

Ino (1.89+0.04)-10? 3143 —120+£10

5'-IMP (2.35+£0.07)-10? 3543 —100+10

5'-GMP (1.54+0.07)-10? 3744 —100£10

[AuCly(en)]* lpg/M~ s~ AHZ /k] mol ! AS3 /] K~ mol !

His 512 1445 —170+£10

Ino 6.3+04 - -

5'-IMP 1441 = =

5'-GMP 3342 2443 —140+£10
kys/s! AHT'/k] mol ! AST'/J K~ mol !

His 57405 1942 —168+8

Ino (26+0.2)-1072 = =

5'-IMP 1.740.2 = =

5'-GMP 25+0.1 26+2 —154+9




948 M. Milovanovic et al. / Journal of Inorganic Biochemistry 104 (2010) 944-949

The temperature dependence was studied for the most reactions.
The entropy of activation is large and negative, which is in line with an
associative substitution mechanism [32]. In all cases, the activation
entropies for the first and for the second reactions are negative.

The complex [AuCl,(SMC)] reacts about 10°-107 times faster than
cisplatin, while [AuCly(en)]* reacts 10°-10* times faster. These
results confirm the fact that reactions of Au(Ill) complexes are
much faster than Pt(Il) complexes [6,8,23,35].

3.2. Cytotoxicity assay

Cytotoxicity assay experiments were conducted to determine
effects of Au(Ill) complexes and cisplatin on cell viability using a CLL
cells as target cells [37-39]. All of four complexes showed cytotoxic
effect on CLL cells (Fig. 4). The concentration decrease is followed by
markedly decrease of apoptotic cell's percentage.

The concentrations from 250 uM to 15.6 uM of [AuCly(en)]"
complex showed higher cytotoxic effect in comparison with the same
concentrations of [AuCl,(SMC)]. However, concentrations from
250 M to 15.6 uM of [AuCl,(SMC)] showed significantly lower
cytotoxic effect in comparison with the same concentrations of
[AuCl,(DMSO0),]* and cisplatin.

The concentration 15.6 uM of all tested Au(Ill) complexes and
cisplatin complex showed approximately the same cytotoxic effect on
CLL cells (in range 1.5-3.6% of cytotoxicity) while the concentration
7.8 uM of all studied Au(Ill) complexes and cisplatin showed no
cytotoxic effect on CLL cells.

All of three tested gold(Ill) complexes and cisplatin complex
(concentration from 250 pM to 7.8 pM) showed concentration-
dependent cytotoxic effect on CLL cells.

4. Conclusions

In conclusion this work demonstrated that gold(Ill) complexes
react much faster than Pt(II) complexes with the same nucleophiles.
N-bonding ligands have a higher affinity for gold(Ill) complex than
chloride, which may have important biological implications. The type
of coordinated inert ligand has a large effect on reaction rate. The
[AuCl,(SMC)] complex is more reactive than [AuCl,(en)]". Histidine
reacts faster than the other N-donor nucleophiles in the reaction with
[AuCly(en)]™, but in the reaction with [AuCl,(SMC)] 5-GMP is the
best nucleophile. The activation parameters for all studied reactions
suggest an associative substitution mechanism. This study also
demonstrated that gold(Ill) complexes exhibit relevant cytotoxic
properties when tested on chronic lymphocytic leukemia cells (CLL).

100
90 1
80 4
70 1
60 1
50 -
40 4
30 1
20 1
10 4

cytotoxicity

250.00

125.00

62.50 31.25
[conc.)/uM

15.63 7.80

Fig. 4. Cytotoxicity of (¢) [AuCl,(DMSO),] ", (M) [AuCl,(SMC)], (A) [AuCly(en),]" and
(@) cisplatin to CLL cells. CLL cells were cultured with different doses of tested
complexes ranging from 7.8 to 250 puM. Cell viability was determined based on MTT
assay. Each point represents a mean value and standard deviation of 3 experiments
with 3 replicates per dose.

Thus, gold complexes have good potential for the treatment of cancer.
The [AuCly(en)]* complex shows comparable cytotoxicity profiles
compared to cisplatin. In line with the obtained results [Au(en)Cl,]™
complex seems to be good candidates for future pharmacological
evaluation.

Abbreviations

INO inosine

5'-IMP  inosine-5-monophosphate

FBS fetal bovine serum

MTT 3-(4,5)-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium-
bromide

PBS phosphate buffered saline

CLL lymphocyte leukemia cells

BGO background of medium

TS total viability/spontaneous death of untreated target cells

RPMI 1640 mixture of 20% FBS, 100 IU/mL penicillin G and 100 pg/
mL streptomycin developed by Moore at al. at Roswell Park
Memorial Institute.
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The kinetics of the substitution reactions between the mono-functional Au(in) complexes, [Au(dien)C1]**
and [Au(terpy)CI]*" (dien = 3-azapentane-1,5-diamine, terpy = 2,2';6',2"-terpyridine) and bi-functional
Au(m) complexes, [Au(bipy)Cl,]" and [Au(dach)Cl,]" (bipy = 2.2'-bipyridine, dach = (1R,2R)-1,2-
diaminocyclohexane) and biologically relevant ligands such as L-histidine (L-His), inosine (Ino), inosine-
5'-monophosphate (5’-IMP) and guanosine-5'-monophosphate (5-GMP), were studied in detail. All
kinetic studies were performed in 25 mM Hepes buffer (pH = 7.2) in the presence of NaCl to prevent the
spontaneous hydrolysis of the chloride complexes. The reactions were followed under pseudo-first order
conditions as a function of ligand concentration and temperature using stopped-flow UV-vis
spectrophotometry. The results showed that the mono-functional complexes react faster than the bi-
functional complexes in all studied reactions. The [Au(terpy)CI]*" complex is more reactive than the
[Au(dien)C1]** complex, which was confirmed by quantum chemical (DFT) calculations. A more than
50% lower activation energy for the terpy than for the dien based complex was found. The bi-functional
[Au(bipy)Cl,]" complex is more reactive than the [Au(dach)Cl,]" complex. The reactivity of the studied
nucleophiles follows the same order for all studied systems, viz. L-His > 5-GMP > 5'-IMP > Ino.
According to the measured activation parameters, all studied reactions follow an associative substitution
mechanism. Quantum chemical calculations (B3LYP/LANL2DZp) suggest that ligand substitution in
[Au(terpy)C1]*" and [Au(dien)C1]** by imidazole follows an interchange mechanism with a significant
degree of associative character. The results demonstrate the strong connection between the reactivity of
the complexes toward biologically relevant ligands and their structural and electronic characteristics.
Therefore, the binding of gold(i1) complexes to 5'-GMP, constituent of DNA, is of particular interest since
this interaction is thought to be responsible for their anti-tumour activity.

Introduction

One of the major goals of modern bioinorganic and bio-organo-
metallic medicinal chemistry research is the development of
novel metallo drugs with a pharmacological activity different
from platinum drugs." "' Among the new non-platinum anti-
tumour drugs, gold complexes have recently gained considerable
attention as a class of compounds with different pharmaco-
dynamic and -kinetic properties than cisplatin, but with strong
cell growth inhibiting effects.®* In many cases the cell growth
inhibiting effects could be related to anti-mitochondrial effects
that make the gold complexes interesting drugs.'” Some gold
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10.1039/c2dt11843b

complexes described as antiproliferative comprise a broad
variety of different species including phosphine complexes, as
well as gold complexes in different oxidation states.'* Also,
some Au(1) compounds used for the treatment of rheumatoid
arthritis, such as gold thiolates, were considered for possible
anti-tumour activity.1 It has been shown that Au(i) compounds
inhibit tumour cell proliferation in vitro,* but unfortunately their
in vivo effectiveness was found to be very limited."™

Since Au(m) is iso-electronic and iso-structural with Pt(i),
square planar Au(i) complexes could be suitable candidates for
biological tests.® However, during the early 90’s there was a
revival of interest toward Au(mn)-based anti-tumour compounds
in an attempt to obtain pharmaceutically useful substances with
an even better stability profile. As a result, some structurally
variable square planar Au(u) complexes were prepared and
tested as potentially new anti-tumour drugs.**'> These novel
Au(in) complexes show high cytotoxic effects in vitro against
some representative human tumour lines, but their mode of
action is still unknown. However, gold compounds have a lower
affinity for DNA then platinum complexes, so their mode of
action is referred to as “DNA independent”.® These observations

This journal is © The Royal Society of Chemistry 2012
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led many scientists to postulate the existence of some other
potential targets for gold complexes, such as thioredoxin
reductase.

Cytotoxic effects of novel Au(ir) compounds were measured
on very few and often different tumour cell lines.'®?* Recently
reported results have shown that several new Au(in) dithiocarba-
mate derivatives in vitro have even better cytotoxic properties
than cisplatin toward a series of human tumour cell lines.® ">
Also, some Au(ir) complexes show a very weak interaction with
calf thymus DNA and slight modifications of the double helix.**
Some Au(ir) complexes could be significantly stabilized, even at
neutral pH, with the appropriate choice of the inert ligands, pre-
serving its peculiar biological properties. Thus, the presence of
at least two nitrogen donors directly coordinated to the Au(i)
centre leads to a significant decrease in the reduction potential of
the complex.?> 2’

In an attempt to define preliminary structure—function relation-
ships within the new class of cytotoxic and potentially anti-
tumour compounds, we studied the interactions between some
Au(m) complexes with representative DNA fragments, the
classic target of Pt(n) complexes. These results could throw
more light on the cytotoxic action and mechanism of Au(i)
complexes. Also, the investigation of the reactions between
Au(m) complexes and amino acids could predict some gold—
protein interactions and improve the understanding of possible
targets responsible for their biological effects. Here we report the
results of the kinetics of the substitution reactions of some
mono-functional [AuCl(dien)]*" and [AuCl(terpy)]*", and bi-
functional [AuCl,(bipy)]” and [AuCl,(dach)]” complexes, with
biologically relevant ligands such as r-histidine, inosine,
inosine-5"-monophosphate and  guanosine-5'-monophosphate.
All kinetic studies were performed in 25 mM Hepes buffer
(pH = 7.2) with the addition of NaCl to prevent the spontaneous
hydrolysis of the complexes, under pseudo-first order conditions
at three different temperatures. In addition, quantum mechanical
calculations were performed to gain further insight into the
nature of the ligand substitution mechanism for the reactions of
[Au(terpy)Cl1]*" and [Au(dien)C1]*" with imidazole.

The structures of the studied complexes and ligands are shown
in Fig. 1 and 2.

Experimental
Chemicals

The nucleophiles inosine (Ino), inosine-5"-monophosphate
sodium salt hydrate (5'-IMP), guanosine-5-monophosphate
sodium salt hydrate (5'-GMP), and r-histidine (L-His) were
obtained from Acros Organics and Fluka. Nucleophile stock sol-
utions were prepared shortly before use by dissolving the chemi-
cals in ultra pure water. The ligands 2,2":6',2"-terpyridine (terpy)
and 3-azapentane-1,5-diamine (dien), as well as Hepes buffer
(N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic  acid) were
obtained from Aldrich. Other ligands 2,2'-bipyridyl (bipy) and
(1R,2R)-1,2-diaminocyclohexane (dach) were also obtained
from Acros Organics. The starting complex potassium-
tetrachloridoaurate(IlT), K[AuCly], was purchased from ABCR
GmbH & Co. KG, 98%. All other chemicals were of the highest

2+

2+

[Au(dien)C1J%*

[Au(dach)CL]* [Au(bipy)CL]*

Fig. 1 Structures of the investigated mono-functional and bi-functional
Au(i) complexes.

purity commercially available and were used without further
purification. Ultra pure water was used in all experiments.

The solutions of complexes and ligands were prepared in
25 mM Hepes buffer (pH = 7.2). To prevent the hydrolysis of
the studied complexes, the reactions of the mono-functional
complexes were studied in the presence of 10 mM NaCl,
whereas the reactions of the bi-functional complexes were
studied in the presence of 20 mM NaCl. These concentrations
were determined from spectra of the different Au(ir) complexes
recorded as a function of added chloride concentration (see
Fig. S1 and S2, ESI).}

Synthesis of the complexes

The complexes [Au(dien)CI]Cl,, [Au(terpy)Cl]Cl, and
[Au(bipy)CLL]JCI were prepared according to published
procedures.zs’w The complex [Au(dach)CI,]Cl was synthesized
starting from K[AuCly]. Firstly, the salt (0.2 g, 0.5 mmol) was
dissolved in a small amount of water. Then the solution obtained
by dissolving (1R,2R)-1,2-diaminocyclohexane (0.057 g,
0.5 mmol) into a mixture of MeOH/H,O (1:1, v/v) was
dropped into the solution of K[AuCl,]. The reaction was stirred
for 5 h at room temperature. The obtained yellow solution, after
filtration, was left in the darkness to evaporate. After a few days
the formed yellow crystals were filtrated, washed with cold water
and dried. Found: H, 5.29; C, 13.66; N, 2.54; Calc. for
AUC6H14N2C13: H, 534, C, 1380, N, 2.71%.

Instrumentation

Chemical analyses were performed on a Varian III CHNOS
Elemental Analyzer, Elemental Analysensysteme, GmbH.
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guanosine-5'-monophosphate

inosine

H;N——CH—C——0OH

CH,

NN
\\—NH

L-histidine

inosine-5'-monophosphate

Fig. 2 Structures of the studied nucleophiles.

UV-VIS spectra were recorded on Shimadzu UV 250 and
Hewlett-Packard 8452A diode-array spectrophotometers with
thermostated 1.00 cm quartz Suprasil cells. Kinetic measure-
ments were performed on an Applied Photophysics SX.18MV
stopped-flow instrument coupled to an online data acquisition
system. The temperature was controlled throughout all kinetic
experiments to = 0.1 K.

Kinetic Measurements

To establish a suitable wavelength at which the kinetic measure-
ments could be performed, spectral changes that resulted from
mixing the complex and nucleophile solutions were recorded
over the wavelength range 280 to 400 nm, and a suitable wave-
length was selected. A typical example is shown in Fig. S3
(ESI).t After determination of the working wavelengths (see
Tables S1 to S16, ESI),} the reactions were initiated by mixing
equal volumes of the complex and ligand solutions directly in
the stopped-flow instrument and followed until completion. All
kinetic measurements were performed under pseudo-first-order
conditions, i.e., at least a 10-fold excess of the entering nucleo-
phile was used. The kinetic traces were evaluated using the
OLIS KINFIT (Jefferson, GA) set of programs. Kinetic runs
were fitted as a single exponential function for the substitution
reactions of the mono-functional [Au(dien)C1]*" and [Au(terpy)
CI** complexes, and as a double exponential function for the
bi-functional [Au(bipy)Cl,]" and [Au(dach)Cl,]" complexes (see
Fig. S4, ESL1 where the decrease in the absorbance at 320 nm
for the starting complexes is shown).

The observed pseudo-first-order rate constants, kqpsq, Were cal-
culated as the average value of five to eight independent kinetic
runs. All reactions were followed at three different temperatures
(288, 298 and 310 K). All calculations were performed by the
computational programs Microsoft Excel and Origin 6.1. Observed
experimental data are reported in Tables S1 to S18 (ESI).}

Quantum chemical methods

B3LYP/LANL2DZp hybrid density functional calculations, i.e.,
with pseudo-potentials on the heavy elements and the valence
basis set augmented with polarization functions, were per-
formed.*'*? During the optimization of the structures no other
constraints than symmetry were applied. In addition, the result-
ing structures were characterized as minima or transition states
structures by computation of vibrational frequencies (for
minima, all frequencies are positive, NImag = 0; for transition
state structures, exactly one imaginary (negative) frequency is
present, NImag = 1). The relative energies were corrected for
zero point vibrational energies (ZPE) throughout. The GAUS-
SIAN suite of programs was used.>® The influence of the bulk
solvent was evaluated via single-point calculations using the
CPCM formalism,** i.e., B3LYP(CPCM)/LANL2DZp/B3LYP/
LANL2DZp, and water as solvent.

Results and Discussion

Substitution reactions of the Au(i) complexes [Au(dien)C1]2+,
[Au(terpy)CI]**, [Au(dach)CL,]" and [Au(bipy)Cl,]" with the

This journal is © The Royal Society of Chemistry 2012
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ki

[AuNNN)CI]* + Nu > [AuNNN)(Nw)]** + CI
kg

NNN = terpy, dien; Nu = 5'-GMP, 5'-IMP, Ino, L-His

Scheme 1

nucleophiles Ino, 5-IMP, 5'-GMP and L-His were investigated
spectrophotometrically by following the change of absorbance at
the selected wavelengths as a function of time under pseudo-
first-order conditions. All reactions were studied at physiological
conditions (pH = 7.2) in 25 mM Hepes buffer. In order to sup-
press the spontaneous hydrolysis of the complexes, NaCl was
added to the complex solutions. All reactions were studied as a
function of nucleophile concentration and temperature using
stopped-flow measurements.

The substitution process of the mono-functional [Au(terpy)
C1]*" and [Au(dien)C1]*" complexes with selected nucleophiles
can in general proceed according to the reactions shown in
Scheme 1.

Substitution reactions of square-planar metal complexes
proceed according to two parallel pathways.'*> One involves
the formation of a solvent-coordinated complex, followed by
rapid substitution of the coordinated solvent molecule by the
entering nucleophile (solvolytic pathway), and the other involves
direct nucleophilic attack by the entering nucleophile. In the
present study the solvolysis pathway was suppressed through the
addition of 10 mM NaCl (Fig. S),f and the remaining direct
nucleophilic attack proceeds in a reversible manner as suggested
in Scheme 1. Under pseudo-first-order conditions, these rate con-
stants can be determined from the plot of the linear dependence
of kopsa versus total nucleophile concentration, according to the
eqn (1). The slope of the line represents k;, whereas the intercept
represents k_;[C17]. All kinetic data are summarized in Tables
S1-S8 (ESI).t

kobsd :kl [Nu] +k71[C]_} (1)

Fig. 3 and 4 present representative plots of the data obtained
for the substitution reactions of the mono-functional [Au(terpy)
CI7*" and [Au(dien)C1]*" complexes with Ino. The correspond-
ing plots for the reactions with the other nucleophiles are given
in Fig. S5-S10 (ESI).} The calculated values for the rate con-
stants k; and k_;[CI"] for all the studied reactions are summar-
ized in the Table 1.

From the values of the rate constants it can be seen that the
[Au(terpy)CI]*" complex reacts faster than [Au(dien)C1]*" with
the selected nucleophiles by about three orders of magnitude.
This difference in reactivity can be ascribed to the coordination
geometry of the aromatic pyridine rings, leading to a relative
increase in the electrophilicity of the metal centre as a conse-
quence of electron density delocalization through the m-back
bonding effects.>>>® The reactivity of the nucleophiles is the
same for both complexes and follow the order L-His > 5-GMP >
5'-IMP > Ino. The amino acid -His, as the smallest nucleophile,
reacts faster than the other nucleophiles and coordinates through
the N3 donor atom of the imidazole ring under the selected

0.006

Kobsals™ 310.0K

0.005 -
0.004
0.003 -
0.002

0.001

[Inol/M

0 T T T T T
0 0.001 0.002 0.003 0.004 0.005

0.006

Fig. 3 Pseudo-first order rate constants, ks, as a function of nucleo-
phile concentration and temperature for the substitution reaction between
[Au(dien)C1]*" and Ino in 25 mM Hepes buffer (pH = 7.2) in the pres-
ence of 10 mM NaCl.

16

kobsd’ s

14 1

12 1

10 1

288.0K

[Ino]/M

0 0.001 0.002 0.003 0.004 0.005 0.006

Fig. 4 Pseudo-first order rate constants, k,psq, as a function of nucleo-
phile concentration and temperature for the substitution reaction between
[Au(terpy)C1]*" and Ino in 25 mM Hepes buffer (pH = 7.2) in the pres-
ence of 10 mM NaCl.

experimental conditions as reported before.>* In the reactions
with peptides and proteins, Au(m) complexes could bind
strongly to N or O side-chains or to deprotonated amine nitro-
gens depending on the pH of the system.” The affinity of
gold(mn) for N-donor atoms has been confirmed by crystal struc-
ture and NMR studies.”

The coordination of 5'-GMP, 5'-IMP and Ino is suggested to
occur via nucleophilic attack of the N7 donor atom of the purine
base, resulting in the formation of the product through displace-
ment of chloride from the starting complex.”> However, the pres-
ence of a primary process that involves partial pre-association of
the metal complexes with the phosphate group in 5-GMP and
5'-IMP, has a significant influence on the increase in their reac-
tivity compared to inosine.*” These electrostatic interactions can
contribute to offer a better explanation for the stability and cyto-
toxic effects of the products formed between some mono-func-
tional gold(ir) complexes and DNA.**

The substitution reactions of [Au(dach)Cl,]" and [Au(bipy)
Cl,]" with the nucleophiles Ino, 5'-IMP, 5'-GMP and L-His were
also studied at the physiological pH 7.2 in 25 mM Hepes buffer
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Table 1 Rate constants and activation parameters for substitution reactions of mono-functional [Au(dien)C1]** and [Au(terpy)CI]*" complexes at

298 K in 25 mM Hepes buffer (pH = 7.2) and 10 mM NaCl

k/M 157! AH,%/kJ mol™! AS*/J K™ mol™ k_yM™tg7le AH_,7/kJ mol ™! AS_7*/T K™ mol™!

[Au(dien)CI]*"

L-His 1.94 +0.05 27 +4 —140 + 10 0.32 £0.02 16+3 —200+ 8
5'-GMP 1.24 £0.02 24+ 1 —154+4 0.268 + 0.006 13+3 —190+9
5-IMP 0.399 + 0.003 60 + 4 -53+10 (8.0+0.7) x 1072 47 +1 —111+4
Ino 0.370 % 0.009 69 + 1 —38+4 (13+£03)x 1072 29+4 —200+ 10
[Au(terpy)C1]*"

L-His (3.56 £0.08) x 10° 40 +2 —40+5 270 + 20 1342 —148+6
5'-GMP (2.25+0.03)x 10° 49 +7 —31+8 89+9 3542 —66+6
5-IMP (2.11 +£0.07) x 10° 10+3 —142+9 194 +2 71 —177+5
Ino (1.30 +£0.04) x 10° 29+4 —90+ 10 28+2 46 +2 —35+7

“ Calculated from k_,[CI17] since [C1"] = 10 mM.

in the presence of 20 mM NaCl (Fig. S2, ESI),f to prevent
hydrolysis of the bi-functional complexes. Furthermore, overall
absorbance changes measured during the observed reactions as a
function of nucleophile concentration indicated that these
depended strongly on the nucleophile concentration, thus point-
ing towards reversible reactions (see Fig. S11-S14, ESI).t*'*
The substitution process can therefore be described as shown in
Scheme 2.

The first step of the reaction is the reversible substitution of
one chloride ligand from the coordination sphere by the entering
nucleophile. The second step is also reversible when the second
chloride ligand is displaced by another nucleophile.

The obtained pseudo-first-order rate constants for the first
(kobsa,r) and second (kobsas) Steps of the substitution process
(data are given in Tables S9—S16, ESI) were plotted against the

ko ¢
[AuNNYCL,]" + Nu <T_> [AuNN)CI(Nw)?* + CI
2,f
ky
[AuNN)CINW]>* + Nu <T_s> [Au(NN)(Nu),]** + CI
-2.,8
NN = dach, bipy; Nu = 5'-GMP, 5-IMP, Ino, L-His

Scheme 2

2
1.8 - kobsdl st

first step 309.9K

1.6 1
1.4 1
1.2 1

1
0.8 1
0.6 1
0.4 -
0.2 1

0
0.000

[L-His]/M

0.001 0.002 0.003 0.004

0.005

0.006

concentrations of the entering nucleophiles. A linear dependence
on the nucleophile concentration was observed for all reactions.
Representative plots for the reactions of [Au(bipy)Cl,]" and
[Au(dach)Cl,]" with L-His are shown in Fig. 5 and 6, and the
data for the other nucleophiles are reported in Fig. S15-S20
(ESD).

The observed pseudo-first-order rate constant as a function of
the total nucleophile concentration is described by eqn (2) and
the rate constants &, f and k_, {CI"] can be determined from the
slopes and intercepts of the plots, respectively.

kobsa,f = ko e[Nu] 4+ k_5 ¢[C17] (2)

Similarly, the observed rate constants for the second reaction
step can be expressed as given in eqn (3).

kobsa,t = kas[Nu] 4 k_[C1"] (3)

All kinetic traces gave excellent fits to a double exponential (a
typical example is shown in Fig. S4, ESI).f The rate constants
for the first and second reaction steps for the all reactions are
summarized in Table 2.

The first reaction step occurs via nucleophilic attack of the N3
donor atom of the imidazole ring in the reaction with L-His or
N7 donor atom of the purine base of in Ino, 5'-IMP and 5'-GMP,

0.18
ot | KabselS™ second step 300.9K
0.14 1
042 | 298.1K

0.1 1
0.08 | 288.0K
0.06 1
0.04 4 .
o'oz 1 [L-His)M

0 (].(]'01 U.OIUZ (l.(;03 0.(;(]4 0.[;05 0.006

Fig. 5 Pseudo-first order rate constants for the first (kopsqr) and the second (kypsaz) steps of the substitution reactions between [Au(bipy)Cl,]" and
L-His as a function of nucleophile concentration and temperature, in 25 mM Hepes buffer (pH = 7.2) in the presence of 20 mM NaCl.
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0.07 1
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Fig. 6 Pseudo-first order rate constants for the first (konsq1) and the second (kopsao) steps of the substitution reactions between [Au(dach)Cl,]" and
L-His as a function of nucleophile concentration and temperature, in 25 mM Hepes buffer (pH = 7.2) in the presence of 20 mM NaCl.

Table 2 Rate constants and activation parameters for the first and the second steps of the substitution reactions of bi-functional [Au(bipy)Cl,]" and
[Au(dach)CL,]" complexes at 298 K in 25 mM Hepes buffer (pH = 7.2) and 20 mM NaCl

[Au(bipy)Cl,]"

First step kp M~ 57! AH, #/kImol™  AS, #/J K™ mol™ kM 's71e AH_, ¢/k] mol™! AS_, #/1 K™ mol™!
L-His (2.04 +0.06) x 10> 2646 —110 20 2.60 + 0.05 47 + 4 —80+ 14

5-GMP (1.49 +0.05) x 10> 5+3 —180 = 10 20+05 68 +£2 —6+7

5'-IMP (0.47 +0.02) x 10° — — 23.1+04 — —

Ino (0.40 +0.02) x 102 — — 133+ 0.4 — —

“ Calculated from k_,[C17] since [C17] =20 mM

Second step kM 57! AH, Z/kI mol™  AS, /T K™! mol™ k_pys™! AH_, #/kJ mol™! AS_, F/T K™ mol™
L-His 16.7 0.6 172 —-160 +8 0.6 +0.1 70+2 -15+6

5"-GMP 103 +0.3 3343 ~110 £ 10 20+0.5 12+4 —200 + 14

5-IMP 4305 — — 3.7+0.1 — —

Ino 1.1+0.1 — — 1.05 +0.03 — —

[Au(dach)Cl,]"

First step kp M 57! AH, #/kTmol™  AS, #/7 K™ mol™! koM ls™! AH_, #/kJ mol™! AS_, /7 K™ mol™!
L-His 75+2 1243 —160+ 10 4.0+0.1 11+2 —190 +7

5'-GMP 66 +2 10+3 —~180 = 10 93+0.2 18+3 —~160 = 10

5'-IMP 6.0+03 — — 0.20 + 0.01 — —

Ino 9.9+0.9 — — 0.60 + 0.02 — —

Second step kM 57! AH, kI mol™  AS, /T K ™! mol™ ks AH_, #/kJ mol™! AS_, F/T K™ mol™
L-His 46+03 2144 —160 =20 1.10 £ 0.05 14+ 4 —190 + 12

5"-GMP 6.2+0.3 2745 —140 + 10 1.60 + 0.05 4742 —85+6

5-IMP 0.56 + 0.02 — — 1.300 = 0.005 — —

Ino 0.32 + 0.03 — — 0.050 + 0.005 — —

resulting in the formation of the product by displacing one chlor-
ide ion."**** The coordination of Au(in) complexes to L-histi-
dine also depends on the pH. However, under physiological
conditions, gold(m) complexes could undergo hydrolysis.*’
Also, as published before, rL-histidine could coordinate to a
diaqua complex of Au(m) as bidentate ligand.*® The interactions
of some bi-functional gold(i) complexes and N-bonding ligands
including 5'-GMP were studied before.'®?**347 These inter-
actions could be very important because DNA is an important
potential target for many metal-based anticancer agents.***
Therefore, for the binding of gold(in) complexes to 5'-GMP,
beside the formation of a bond between the complex and the N7

donor atom of the purine base, some non-covalent interactions
could further stabilize the product.”*>**°

The second step includes the substitution of the second
chloride ligand from the starting complex, by which the 1 : 2 com-
plexes are formed. The obtained rate constants for the first step
show the same order of nucleophile reactivity as it was observed
for the reactions of the mono-functional complexes. L-histidine is
the most reactive nucleophile. However, the first and the second
steps of the substitution of the [Au(bipy)Cl,]" complex are faster
than the reactions of the [Au(dach)Cl,]" complex due to the
increase in electrophilicity of the Au(ir) centre in the case of the
bipy complex as explained for the terpy complex above.*®
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Most of the reactions were studied at different temperatures.
The temperature dependence of the rate constants enabled the
calculation of the activation enthalpies and entropies by use of
the Eyring equation (Arrhenius and Eyring plots are shown in
Fig. S21-S28, Supporting Information, ESI).f Activation par-
ameters derived from these experiments are summarized in
Tables 1 and 2. The entropy of activation for all studied systems
for the forward and back reactions is significantly negative,
which is in line with an associative substitution mechanism.

DFT calculations

To gain further insight into the studied ligand-substitution mech-
anism, in particular to address the question of associative (A) vs.
associative interchange (I,) mechanism, we calculated the reac-
tion pathways for two model reactions starting from [Au(terpy)
CIT*" and [Au(dien)CI]*". As a model for the experimentally
applied heterocyclic nucleophiles we used imidazole. To investi-
gate the substitution mechanism we used as starting complexes
[Au(terpy)Cl]*"-(imidazole) and [Au(dien)CI]*"-(imidazole).
The nucleophile imidazole is in both reactants located more than
2.7 A away from the Au’" cation, while the CI™ anion is in both
cases bound at a distance of 2.33 A. Through the transition states
{[Au(terpy)Cl(imidazole)**}* and {[Au(dien)Cl(imidazole)]**}¥,
characteristic for an interchange mechanism, the products
[Au(terpy)(imidazole)]*Cl~ and [Au(dien)(imidazole)]*"Cl~ are
reached. In the transition states the Au—Njpigazole distance is sig-
nificantly shortened to 2.19 A in {[Au(terpy)Cl(imidazole)]*}*

and to 2.30 A in {[Au(dien)Cl(imidazole)]**}*. Simultaneously
the Au—Cl~ bond is elongated to 2.62 A and 2.52 A, respectively
(see Scheme 3). While finding transition states characteristic for
interchange mechanisms, the observed Au—N;igazolc bond short-
ening between reactant and transition state by around 65% can
be considered as an indication for an interchange mechanism
with a significant degree of associative character, i.e. I, type of
mechanism. No evidence for the formation of a stable five-co-
ordinate intermediate, typical for an associative (A) mechanism,
was found.

On analysing the activation energies including the solvent
model (B3LYP(CPCM)/LANL2DZp/B3LYP/LANL2DZp +
ZPE(B3LYP/LANL2DZp)) for [Au(terpy)Cl]*" and [Au(dien)
CI]*", we obtain a more than 50% lower activation energy for
the terpy than for the dien based complex, which is in agreement
with the experimental work. The corresponding products are
4 kcal mol™" higher in energy than the reactants, which is prob-
ably due to charge separation during the substitution process.

Conclusions

This work describes the study of the kinetics and the mechanism
of the reactions of the gold(ir) complexes with selected nucleo-
philes such as guanosine-5'-monophosphate, inosine-5'-mono-
phosphate, inosine and L-histidine. We found that these N-donor
ligands have a high affinity for the gold(i) complexes which has
important biological implications. In addition, the reported
kinetic data clearly shows that the studied N-bonding ligands

Reactant state

Transition state

Product state

B3LYP: 0.0 kcal/mol 13.2 kcal/mol 8.8 kcal/mol
CPCM: 0.0 kcal/mol 5. 6 kcal/mol 3.5 kcal/mol

Reactant state Transition state Product state
B3LYP: 0.0 kcal/mol 12.8 kcal/mol 0.8 kcal/mol
CPCM: 0.0 kcal/mol 12.2 kcal/mol 4.2 kcal/mol

Scheme 3 Calculated relative stabilities and structures of reactant, transition and product states. (B3LYP: B3LYP/LANL2DZp/B3LYP/LANL2DZp
+ ZPE(B3LYP/LANL2DZp) CPCM: B3LYP(CPCM)/LANL2DZp/B3LYP/LANL2DZp + ZPE(B3LYP/LANL2DZp)).
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react according to an associative substitution mechanism with
the gold(im) complexes, which is in excellent agreement with
data reported previously.*

Finally, these results contribute to a better understanding of
the biochemical mechanism of some gold(i) complexes. Also,
the type of coordinated inert (spectator) ligand has a large effect
on the reaction rate when electronic communication with the
metal centre can tune the electrophilic character of the metal,
which in turn affects the rate of the nucleophilic associative sub-
stitution process. Furthermore, the study of mono-functional and
bi-functional gold(ir) complexes which have different inert nitro-
gen-donor ligands, could help to define the common structure—
reactivity relationship and the connection with the reduction
potential of the complexes. Also, the results of the substitution
with biologically relevant ligands could help to gain more infor-
mation on the possible interaction modes of gold(ir) complexes
with in vivo targets and their representative application in the
study of their anti-tumour properties.

From the quantum chemical calculations (B3LYP/
LANL2DZp) performed for the ligand substitution in [Au(terpy)
CIT*" and [Au(dien)CI]*" by imidazole, we conclude that the
mechanism can be best addressed as an interchange mechanism,
with a significant degree of associative character, i.e. I, mechan-
ism. No evidence for the formation of a stable five-coordinate
intermediate was found. The activation energies for [Au(terpy)
CIT*" and [Au(dien)CI]*" calculated with the CPCM solvent
model reflect the faster ligand substitution in [Au(terpy)Cl]2+ by
a significantly lower activation energy, which is in agreement
with the experimental findings.
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Summary

Purpose: To investigate the cytotoxic activity of new-
ly synthesized gold(Ill) complexes [AuCl,(en)]", [AuCl,
(SMC)]*, [AuCIl,(DMSO),] " (en: ethylenediamine, SMC: S-
methyl-L-cysteine and DMSO: for dimethylsulfoxide) in 4T1
mouse breast cancer cell line in vitro and in vivo and to com-
pare their antitumor characteristics with cisplatin complex

[PtC]zﬂVHg)Z]
Methods: The in vitro, effects of the tested complexes

on 4T1 cell viability were determined using MTT colorimetric

technique. In vivo, progression of mouse breast tumor growth
in BALB/c mice was measured by using external caliper:

Results: Among the tested gold(1ll) complexes, [AuCl,

(en)] " showed best cytotoxic effects in vitro. The cytotoxic ef-

fects of [AuCl,(en)] " and [PtCI,(NH;),] were similar at all

Introduction

In preclinical studies it is necessary to test the cy-
totoxic effects of newly synthesized anticancer drugs in
vitro and in vivo [ 1]. The use of orthotopic systems gives
the most precise information about the capacities of the
tested, newly synthesized anticancer drugs to prevent
and/or to stop progression of primary tumor growth [2].
In addition, it is of crucial importance to test the newly
synthesized therapeutic agents on murine cell lines that
will metastasize in a similar manner and to similar loca-
tions as the same tumor type will in human.

The human breast cancer is the most prevalent ma-
lignancy among women, representing the second cause
of cancer-related deaths [3,4]. The 4T1 mammary car-
cinoma cell line, originally isolated by Fred Miller and
coworkers at the Karmanos Cancer Institute [5,6], when

concentrations. The data from the in vivo experiment showed
that among the tested gold(IIl) complexes only [AuCly(en)]”
can prevent the primary breast tumor growth. [AuCl,(en)]*
was tolerated well and much better than [AuCl,(DMSO),] ",
[AuCly(SMC)]* and [PtCl,(NH3),] complex which was con-
firmed by weight gain in mice that received [AuCl,(en)]”.
In addition, mice that received [AuCly(en)] " showed better
survival time in comparison with mice that received [PtCl,
(NH3),] complex.

Conclusion: [AuCly(en)]" complex seems to be good
candidate for future pharmacological evaluation in breast
cancer research.

Key words: cytotoxic effects in vitro/in vivo, gold(I11) com-
plexes, mouse breast cancer, prevention

introduced orthotopically is useful model for evaluation
of primary breast cancer tumor growth progression [7].
In addition, the 4T'1 tumor cell line has the capacity to
metastasize to all organs affected in human breast can-
cer, including lungs, liver, brain and bone [8-14].

Although novel molecular pathways relevant to
breast cancer biology and breast cancer therapy are ex-
plored continuously [15,16], it is expected that a whole
array of new agents should be tested in combination or in
sequence to standard chemotherapy with the aim to im-
prove the outcome of high-risk breast cancer patients.

The big successes of cisplatin in cancer chemo-
therapy on one side, and the toxic side effects related
to cisplatin treatment on the other side, stimulated the
search for new and more selective metal-based anti-
cancer drugs [17].

During the last 20 years, much interest has fo-
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cused on gold(IIl) complexes and several reports that
described their anticancer characteristics suggested
gold(I1l) compounds as very good candidates for fur-
ther anticancer investigations [18,19]. Although there
is some evidence about their in vivo antitumor effects
[20,21], gold(IIT) complexes are not stable under physi-
ological conditions [19], so during the past few years
much interest has focused on gold(III) complexes in a
number of new synthesized complexes [22,23]. The ac-
ceptable solution stability of these newly synthesized
gold(IIl) complexes facilitated extensive pharmacolog-
ical investigation, both in vitro and in vivo [24-28].

However, compared to the corresponding pla-
tinum(Il) complexes, ligand substitution reactions of
gold(IIl) complexes have not been extensively stud-
ied [29].

Because gold(I1T) is isoelectronic (d®) with plati-
num(Il) and tetracoordinate gold(I1l) complexes have
the same square-planar geometries as cisplatin [30]
we decided to investigate the potential cytotoxic ac-
tivity of some gold(III) complexes: [AuCl,(en)]”,
[AuCly(SMC)]", [AuCl,(DMSO),]" in 4T1 mouse
breast cancer cell line in vitro and in vivo and to com-
pare their cytotoxic effects with the cytotoxic effects of
cisplatin [PtCl,(NHj3),] (Figure 1).

It was envisaged that this study could throw more
light on the anti-cancer properties of gold(Ill) com-
plexes and to suggest the newly synthesized gold(I1I)
complex that showed best anti-tumor characteristics for
future pharmacological investigation.

COOH .
A ' Hc|;
SN ~
Mo NH, we” ONH,

H,N —Au—Cl H,C——S8——Au—Cl

Cl Cl
[AuCI(en)]* [AUCI(SMC)J*
+
Cl //O
S CH3 / \
H3C/ / \o cl

H,C

[AuCI(DMSO),J* [PLCL,(NH,),]

Figure 1. Structures of the investigated complexes.
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Methods

Chemicals and ligands

The ligands: ethylenediamine (en), S-methyl-L-
cysteine (SMC) and dimethyl sulfoxide (DMSO) were
obtained from Sigma-Aldrich (Munich, Germany).
Starting potassium tetrachloridoaurate(Ill) complex,
KJAuCly], was purchased from ABCR GmbH & Co.
(Karlsruhe, Germany), while cisplatin (cis-diammi-
nedichloroplatinum(Il), cis-[Pt(NH3),Cl,]), was pur-
chased from Sigma-Aldrich. All chemicals were of the
highest purity commercially available and were used
without further purification. Ultra pure water was used
in all experiments.

For the cytotoxicity determination further chemi-
cals were used: fetal bovine serum (FBS), growth medi-
um RPMI 1640, penicillin G, streptomycin, (3-(4,5)-di-
methylthiazol-2-yl)-2,5-diphenyl-tetrazolium-bromide
(MTT), phosphate buffered saline (PBS). dimethylsul-
foxide (DMSO), trypan blue staining (all from Sigma
Chemicals, Germany); 96-well plates (Sarstedt, Germa-
ny) and Haemaccel (Theraselect Gmbh, Germany).

Synthesis of complexes

The [AuCl,(en)]Cl-2H,0 complex was pre-
pared according to the published procedure [31]. Di-
chloridobi(dimethylsulphoxide)gold(111)-chloride,
[AuCl, (DMSO),]Cl, was synthesized by dissolving
K[AuCl4] (0.2 g,0.53 mM) in 5 cm? 0.05 M HCl in the
dark. Under continuous stirring, to the solution were
dropped, first, 75 pL of DMSO (1.06 uM) and later
0.1M NaOH, to adjust pH about 4.5. The mixture was
stirred for 5 h at room temperature and the obtained yel-
low solution was left in the darkness to evaporate. Af-
ter few days, the formed dark yellow crystals were fil-
tered and dried. Found: H 1.87; C7.21; S 7.18. Calc. for
AUC48202H12C13Z H 1.84; C 7.32; S 7.76%.

[AuCly(SMC)]CI-H,0 complex was synthesized
starting from acid H[AuCly]. An acid (0.2 g, 0.8 mmol)
was dissolved in a little amount of water on magnetic stir-
rer. S-methyl-L-cysteine (0.105 g, 0.8 mmol) was added
to the solution. After mixing, the pH was adjusted between
4-5with 0.1 M NaOH. The mixture was stirred a few hours
and the clear solution was left to evaporate in the dark at
room temperature. A brown powder was formed after few
days. Found: H 3.08; C 10.73; N 2.47; S 7.01. Calc. for
AuC4SOsH;1NCl3: H3.07; C 10.52; S 7.02%.

Cell culture

The mouse breast tumor cell line 4T 1, syngeneic
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in BALB/c mice, was purchased from American Type
Culture Collection (ATCC).

Animals

The cytotoxic effects of the tested complexes were
evaluated on BALB/c female mice. Animals were
housed in cages under constant temperature and humid-
ity conditions, exposed to light and dark for 12 h respec-
tively, with food and water available ad libitum.

BALB/c female mice (n=30), 7-9 weeks old, were
divided into one control and 4 experimental groups
(n=6 in each group).

Tumor implantation and drug injection

4T1 mouse breast tumor cells (5% 10%), previously
resuspended in 60 pl of RPMI 1640, were inoculated into
the 4th mammary fat pad of BALB/c mice. Ten min af-
ter tumor inoculation (1st day) and at 4th, 8th, 12th, 16th
and 20th day of experiment, mice from the control group
received saline (100 pl) in the tail vein, while mice from
the experimental groups received [AuCl,(DMSO),]
Cl, [AuClL(SMC)]CI, [AuCl,(en)]CI and cisplatin
[PtCl,(NHj3),] (100 pl in the tail vein in a concentration
of 62.5 uM, previously diluted in DMSO).

Cytotoxicity assay (MTT)

Gold(1IT) complexes are biologically active substan-
ces of special interest as potential anticancer agents. Effects
of [AuCly(en)]*, [AuCl,(SMC)]*, [AuCl,(DMSO),]*
and cisplatin, [PtCl,(NHj3),], on cell viability were deter-
mined using MTT colorimetric technique [32].4T1 cells
were diluted with medium to 1x10° cells/ml and aliquots
(5%10% cells/100 pl) were placed in individual wells in
96-multiplates. About 24 h later, after the cell adherence,
each well received 100 pl of either [AuCl,(DMSO),]
Cl, [AuCl,(SMC)]CI, [AuCly(en)]Cl or [PtCl,(NH3),],
which had been serially diluted 2-fold in medium to con-
centrations ranging from 2000 pM to 0.98 uM. Cells
were incubated at 37° C in a 5% CO, incubator for 24 h.
After incubation, multiplates were centrifuged, the su-
pernatant was removed, fresh medium and MTT solu-
tion (5 mg/ml in PBS) 20 pl were added to each well and
the plates were incubated for an additional 4 h. The mul-
tiplates were centrifuged, cell-free supernatants were suc-
tioned off, and DMSO (150 pl) and glycine buffer were
added to dissolve the crystals. The plates were shaken
for 10 min. The optical density of each well was deter-
mined at 595 nm using microplate multimode detector
Zenyth 3100.

The percentage of cytotoxicity was calculated us-

ing the formula: cytotoxicity % = 100-[(TS—BGO0)—E/
(TS—BGO) x 100], where BGO is for background of me-
dium alone, TS is for total viability/spontaneous death of
untreated target cells, and E is for experimental well.

Measurement of primary tumor growth and tumor
volume

External caliper is currently the standard method
for determination of tumor volume due to the low cost
and high throughput of this simple method [33,34]. Dur-
ing 21 days, the growth of primary tumors was measured
every day by external caliper. In order to determine tu-
mor volume by external caliper, experimental animals
were sacrificed on the 21st day and tumors were re-
moved. The greatest longitudinal diameter (length) and
the greatest transverse diameter (width) of tumors were
determined. Tumor volume based on caliper measure-
ments was calculated by the modified ellipsoidal formu-
la: Tumor volume = 1/2 x (length x width®) [33,34].

Results

All 4 complexes showed cytotoxic effect in vitro
on4T]1 cells (Figure 2 and 3).

Decrease of concentration was followed by mark-
edly decrease of apoptotic cells percentage.

Concentrations from 2000 uM to 500 pM of
[AUCIQ(GH)]CI, [AUC12(DMSO)2]C1 and [PtClz(NH3)2]
complexes showed higher cytotoxic effect in compari-
son with the same concentrations of [AuCl,(SMC)]CI
complex.

Concentrations from 500 uM to 62.5 uM of [AuCl,
(en)]Cl and [PtCly(NHj3),] complexes showed higher cy-
totoxic effect in comparison with the same concentrations
of [AuCl,(SMC)]Cl and [AuCl,(DMSO),]CL.

120.00-
= - [AUCLEMO)CI
100.004 | —# - [AuCly(en)]Cl

9 —a— [AUCL(DMSO),ICI AT
f’; 80.00{| —* [PtCI,(NH,),] T .
= _m-
S 60.00-
8
S 40.00-
>
© 20.00/

0.00

0.98 1.95 3.9 7.8115.625315 625 125 250 500 1000 2000
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Figure 2. Toxicity of [AuCl,(DMSO),]Cl, [AuCl,(SMC)]CI,
[AuCl,(en)]Cl and cisplatin [PtCl,(NH3),] complex, using 4T1 cells
as target cells. 4T1 cells were cultured with different doses of the
tested complexes ranging from 0.98 to 2000 uM. Cell viability was
determined based on MTT assay. Each point represents a mean value
and standard deviation of 3 experiments with 3 replicates per dose.
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Figure 3. Semi-logarithmic plot of cytotoxic effects of [AuCl,
(DMSO0),]ClL, [AuCl,(SMC)]CL, [AuCl,(en)]Cl and cisplatin on
4T1 cells. Each point represents a mean value of 3 experiments
with 3 replicates per dose.

At concentrations 125 uM and 62.5 pM, [AuCl,
(en)]Cl complex showed higher cytotoxic effect than
[PtCL,(NHj3),], [AuCl,(DMSO),]Cl and [AuCl,(SMC)]
CL

Nevertheless, [PtCl,(NH3),] complex showed
higher cytotoxic effect in comparison with the same
concentrations of all 3 gold(IIl) complexes at the con-
centration of 31.5 uM.

At concentrations 15.63 uM and 7.81 uM [AuCl,
(en)]Cl, [AuCl,(SMC)]CI and [PtCI,(NH3),] com-
plexes showed approximately the same cytotoxic ef-
fect on 4T1 cells, while at the concentration of 3.9 uM
[AuCl,(SMC)]Cl showed higher cytotoxic effect than
all other tested complexes (Figure 2).

At low concentration (1.95 uM) [AuCl,(en)]Cl
and [AuCl,(SMC)]CI complexes showed higher cyto-
toxic effect than [PtCl,(NH3),].

The concentrations from 500 uM to 1.95 uM of
[AuCl,(DMSO),]|CI showed significantly lower cy-
totoxic effect in comparison with the same concentra-
tions of all other tested complexes (Figure 2).

The concentration 0.98 uM of all tested gold(I1I)
complexes and cisplatin showed no cytotoxic effect on
4T1 cells (Figure 2).

All 3 tested gold(IIl) complexes and cisplatin
(concentration from 2000 uM to 0.98 uM) showed
concentration-dependent cytotoxic effect on 4T1 cells
(Figure 3).

The tumors were noticed for the first time on
the 8th day of the experiment in one mouse from the
control group as well as in two mice that received
[AuCl,(DMSO),]Cl and in one mouse that received
[AuCl,(SMC)]CI. The tumor was noticed on the 9th day
of the experiment in one mice that received [AuCly(en)]
Cl. That mouse was the only mouse from the [AuCl,(en)]
Cl group that got tumor (Figure 4).

Till the end of the experiment, a tumor was noticed
in all mice from the control group (6/6) and in all mice

771

- 4 -Control
—=—[AuCl,(SMC)]CI

---A--[AuCly(en)]Cl
—A--[AuCl,(DMSO),]CI
[PtCI5(NH3),]

Tumor [mm]
o =~ N W A oo N

e T e

8 9 10 11 12 13 14 15 16 17 18 19 20 21
Days

Figure 4. The breast tumor growth in BALB/c mice after injection

of 5x10% 4T1 cells. Each point represents a mean value of tumor

size measured daily in mice from each group.

that received [AuCl,(SMC)]Cl and [AuCl,(DMSO),]Cl
(6/6). However, tumor was noticed in only one mouse
that received [AuCl,(en)]C1 (1/6) (Figure 4).

In order to determine the tumor volume by external
caliper, experimental animals were sacrificed on the 21st
day and tumors were removed (Figure 5). We noticed
that tumors removed from control mice were bigger than
tumors removed from mice which received gold(III)
complexes (Figure 5). Among the tested gold(II) com-
plexes, [AuCl,(SMC)]Cl most effectively prevented tu-
mor growth. The smallest tumor volume was noticed in
mice that received [ AuCl,(SMC)]CI (Figure 5).

Mice from the control group and mice that re-
ceived [AuCl,(DMSO),]Cl, [AuCl,(SMC)]Cl and cis-
platin showed weight loss and only mice that received
[AuCl,(en)]CI gained weight during the experiment
(Figure 6).

Discussion

The results from the in vitro experiment showed
that all tested gold(IIl) complexes and cisplatin dis-
played cytotoxic effect on 4T1 cells. Decreases in con-
centrations were followed by markedly decrease in the
number of apoptotic cells.

Il Control
B [AuCL(SMC)ICI

& [AuCly(en)ICI

& [AuCl,(DMSO),]CI
O [PtCIy(NHy),]

Tumor volume [mm?]

Figure 5. The tumor volume measured on the 21st day of the ex-
periment. Each column represents a mean value of tumor volumes
noticed in each group.



772

25 o 1st day of the experiment
20 m Last day of the experiment
G
= 15
8 10
]
=
5

Figure 6. Weight of BALB/c mice during the experiment (mea-
sured on the 1st and last day of the experiment). Each column rep-
resents a mean value of mice weight from each group.

Among the tested Au(I1I) complexes, [AuCly(en)]
ClI showed the best cytotoxic effects in vitro. The cy-
totoxic effects of [AuCl,(en)]CI and [PtCI,(NH3),]
were similar at all concentrations. Only at the con-
centration of 3.9 uM [AuCIl,(SMC)]CI complex
showed higher cytotoxic effect than [AuCl,(en)]Cl and
[PtCI,(NH3),], while at very low concentration (1.95
uM) both [AuCl,(en)]CI and [AuCl,(SMC)]Cl com-
plexes showed higher cytotoxic effect than cisplatin.

All 3 tested gold(IIT) complexes and cisplatin (at
all tested concentrations) showed concentration-depen-
dent cytotoxic effect on 4T1 cells.

The data from the in vivo experiment showed that
[AuCl,(en)]ClI can prevent the primary breast tumor
growth in BALB/c mice (Figures 4 and 5). Only one
from 6 mice that received [AuCl,(en)]CI got tumor
and the tumor in that mouse appeared later than the tu-
mors which appeared in mice in the control group and
in mice in the [AuCl,(SMC)]Cl and [AuCl,(DMSO),]
Cl-groups (Figure 4).

So, the in vivo experiment confirmed the data ob-
tained in vitro that [AuCl,(en)]Cl has shown the best
cytotoxic effects on 4T1 cells among all tested gold(I1I)
complexes.

Although no tumor was noticed in mice that re-
ceived cisplatin (0/6), 2 mice that received cisplatin died
during the experiment. One mouse died on the 9th day
and the second mouse died on the 20th day of the ex-
periment, while all mice that received [AuCl,(en)]Cl,
[AuCl,(DMSO),]Cl and [AuCl,(SMC)]Cl stayed alive
till the end of the experiment (Figure 4).

[AuCl,(en)]Cl was tolerated well and much better
than [AuCl,(DMSO),]Cl, [AuCl,(SMC)]Cl and cispl-
atin; this was confirmed by weight gain in mice that re-
ceived [AuCl,(en)]Cl (Figure 6) and by better survival
time in mice that received [ AuCly(en)]Cl in comparison
with mice that received cisplatin. The possible reason
why [AuCl,(en)]Cl was less toxic than cisplatin might

be the different anticancer mechanisms utilized by gold
complexes compared to cisplatin. Cisplatin exerts its
anticancer effect by interacting with DNA and form-
ing adducts that interfere with transcription and repli-
cation, followed by apoptosis [36]. The interactions of
cisplatin with DNA result in Pt-GG intrastrand cross-
link that is the critical lesion leading to cisplatin toxic-
ity dominantly manifested by dysfunction of gastroin-
testinal and hematological systems [36,37]. Although
the main biological targets for gold(III) complexes and
the precise mechanisms responsible for gold-induced
cytotoxicity are still unknown, some recently published
data suggest that their mechanisms of action, such as
modification of surface protein residues and inhibition
of proteasome function [30], are substantially different
from that of the Pt(II) complexes [38].

Several lines of evidence suggested that proteins
rather than DNA are mainly targeted by gold complex-
es. The selective modification of surface protein resi-
dues by gold(IIl) complexes in a defined coordination
geometry could be the molecular basis for their biologi-
cal effects. Proteins containing exposed cysteine resi-
dues might be proper targets for gold(IlI) complexes
that might cleave the disulfide bond of cystine and oxi-
dize methionine and glycine suggesting the possibil-
ity that amino terminus of peptides and proteins could
be deaminated by gold(I1l) complexes. In addition, it
has been recently shown that proteasome inhibition
by gold(IIT) complexes is associated with apoptosis of
breast cancer cells in vitro and in vivo [30].

In our in vivo experiment we showed that [AuCl,
(en)]Cl complex is more stable under physiological con-
ditions than [AuCl,(SMC)]Cl and [AuCl,(DMSO),|Cl.
The possible explanation is that [AuCl,(SMC)]CI and
[AuCl,(DMSO),|Cl have S donor atom in the coordina-
tion sphere and, because of that, these complexes are less
stable and probably less active under physiological con-
ditions than [AuCl,(en)]Cl complex [19].

In line with all these results, [ AuCl,(en)]CI com-
plex seems to be a good candidate for future pharmaco-
logical evaluation in the field of breast cancer research
and treatment.
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Cytotoxicity of gold(III) Complexes on A549 Human Lung Carcinoma

Epithelial Cell Line
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Abstract: We have studied the kinetics of the complex formation of gold(Ill) complexes, [Au(en)CL]" (dichlo-
rido(ethylendiamine)aurate(I11)-ion) [Au(dach)Cl,] (dichloride(1,2-diaminocyclohexane)aurate(I1I)-ion) and
[Au(bipy)CL,]" (dichlorido(2,2’-bipyridyl)aurate(IlI)-ion) with guanosineS’-monophosphate (5°-GMP). It was shown that
5’-GMP have a high affinity for gold(IlI) complex, which may have important biological implications, since the interac-
tions of Au(IIl) with DNA are thought to be responsible for the anti-tumor activity. The [Au(bipy)Cl,]" complex is more
reactive than [Au(en)Cl,]" or [Au(dach)Cl,]". The activation parameters for all studied reactions suggest an associative
substitution mechanism. The cytotoxicity of gold(III) complexes was tested on A549 human lung carcinoma epithelial cell
line and was evaluated by cytotoxic (MTT and LDH test) and apoptotic assays. The results showed that all tested
gold(Ill) complexes displayed cytotoxic effect on A549 cells. Among the tested gold (III) complexes, AuBIPY

showed the best cytotoxic effects.

Keywords: gold(III), complexes, DNA, kinetics, cytotoxic, A549 human lung carcinoma epithelial cell line.

INTRODUCTION

In recent years, great interest has been focused on
gold(IIT) complexes as cytotoxic and anticancer drug [1-2].
To design a metal-based applicable anticancer drug,
however, is quite challenging. Presently, platinum drugs are
playing a major role in established medical treatments of
cancer [3-4]. Gold(IIl) complexes are square-planar d*,
isoelectronic and isostructural to Pt(II) complexes. Generally
speaking, gold(Ill) complexes are not very stable under
physiological conditions because of their high reduction
potential and fast hydrolysis rate. Therefore, selection of a
suitable ligand to stabilize the complex becomes a foremost
challenge in the design of gold(Ill) with one or more
multidentate ligand to enhance the stability of the complex.
However, Au(Ill) is coordinated by at list two chelating
nitrogen donors which lower the reduction potential of metal
center and thereby stabilize the complex. The acceptable
solution stability of these gold(IIl) complexes [5-6],
facilitated extensive pharmacological investigation, both in
vitro and in vivo [7-10].

We have performed and now report here a detailed study
on the complex formation kinetics of some selected gold(I1I)
complexes, viz. [Au(en)ClL,]", [Au(dach)Cl,], [Au(bipy)Cl,]"
with 5’-GMP. We choose 5’-GMP because it is the fragment
of DNA, and it seems that DNA is the primary target for the
gold(II) complexes. The reactions were studied in aqueous
solutions at physiological pH (7.2), using stopped-flow tech-
nique.
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University of Kragujevac, 69 Svetozara Markovica Street, 34000
Kragujevac, Serbia; Tel: +381 34 306800; Fax: +38134306800, ext.112;
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In addition, we evaluated and report here in vitro cyto-
toxic activity of these complexes on A549 human lung car-
cinoma epithelial cell line. A549 cells are in vifro most usu-
ally used cancer cell line for research in the field of testing
cytotoxicity and metabolism of new synthesized complexes
towards human lung carcinoma epithelial cells [11].

It was envisaged that this study could throw more light
on the interactions of gold(Ill) complexes with nitrogen-
donor nucleophiles suggesting these complexes as potentaily
new therapeutic agents in the treatment of lung carcinoma.

2. EXPERIMENTAL
2.1. Chemicals

The nucleophile guanosine-5’-monophosphate sodium
salt hydrate, (5’-GMP) was obtained from Acros Organics.
Nucleophile stock solutions were prepared shortly before
use, by dissolving the chemicals in purified water. The
ligands 2,2’-bipyridyl (bipy) and (1R,2R)-1,2-
diaminocyclohexane (dach), ethylenediamine (en) were ob-
tained from Acros Organics. Starting complex potassium
tetrachloridoaurate(Ill), K[AuCly], was purchased from
ABCR GmbH & Co. KG, 98%. All the other chemicals were
of the highest purity commercially available and were used
without further purification. Ultra pure water was used in all
experiments.

The solutions of complexes and ligands were prepared in
25 mM Hepes buffer (pH = 7.20). The reactions of
bifunctional complexes were studied in the presence of 20
mM NacCl, to prevent the hydrolysis of complexes.

Cisplatin (cis-diamminedichloroplatinum(II), cis-
[Pt(NH3)2CI2]), was purchased from Sigma-Aldrich.

© 2012 Bentham Science Publishers
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2.2. Synthesis of the Complexes

The complexes [Au(en)Cl,]Cl and [Au(bipy)CL]Cl were
prepared according to the published procedure [12].
Complex [Au(dach)C,]JCl was synthesized starting from
KAuCl,. Salt (0.2 g, 0.5 mmol) was dissolved in a little
amount of water and to the solution was dropped the solution
obtained by dissolving (1R,2R)-1,2-diaminocyclohexane
(0.057 g, 0.5 mmol) to the mixture of MeOH/H,O (1:1, v/v).
The reaction was stirred for 5 h at room temperature.
Obtained yellow solution was left in the darkness to
evaporate. After few days formed yellow crystals were
filtrated, washed with cold water and dried. Found: H, 4.91;
C, 13.66; N, 2.84; Calc. for AuC¢H;4N,Cl;: H, 5.34; C,
13.80; N, 2.71 % .

2.3. Instrumentation

Chemical analyses were performed on a Varian III
CHNOS Elemental Analyzer, Elemental Analysensysteme,
GmbH. The optical density was measured using microplate
multimode detector Zenyth 3100. UV-VIS spectra were
recorded on Shimadzu UV 250 and Hewlett-Packard 8452A
diode-array spectrophotometers with thermostated 1.00 cm
quartz Suprasil cells. Kinetic measurements were carried out
on an Applied Photophysics SX.18MV stopped-flow
instrument coupled to an online data acquisition system. The
temperature was controlled throughout all kinetic
experiments to + 0.1 K.

2.4. Kinetic Measurements

At the beginning of the investigations, spectral changes
resulting from the mixing of complex and nucleophile
solutions were recorded over the wavelength range 280 to
350 nm to establish a suitable wavelength at which kinetic
measurements must be performed. After that, the reactions
were initiated by mixing equal volumes of the complex and
ligand solutions directly in the stopped-flow instruments and
were followed for at least eight half-lives at determined
wavelength (working wavelengths are given in Supp. Mate-
rial, Tables S1-S3). All kinetic measurements were
performed under pseudo-first-order conditions, i.e., at least a
10-fold excess of the entering nucleophile was used. The
kinetic traces were evaluated using the OLIS KINFIT
(Jeferson, GA) set of programs. Kinetic runs were fitted as
double exponential function for the reactions of bifunctional
[Au(bipy)CL]", [Au(dach)Cl,]", [Au(en)Cl,]" complexes.

The observed pseudo-first-order rate constants, Kgpsd,
were calculated as the average value from five to eight
independent kinetic runs. All experimental data are reported
in Tables S1 — S3, Supp. Material.

All reactions were followed at three different tempera-
tures (288, 298 and 310 K). The temperature was controlled
throughout all kinetic experiments to + 0.1 °C.

2.5. Culture of Human A549 Lung Carcinoma Epithelial
Cell Line

The A549 cells were purchased from American Type
Culture Collection (ATCC), Manassas, VA, USA. The A549
cells were cultured in Dulbecco’s Modified Eagle Medium
(DMEM) containing 10% FBS, 100 IU/mL penicillin G and
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100 pg/mL streptomycin (Sigma-Aldrich chemical, Munich,
Germany). A549 cells in passage 3 were used throughout
these experiments.

2.6. Cytotoxicity Assays

Effects of gold(Ill) complexes on AS549 cell viability
were determined using MTT 3-(4,5-Dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide) colorimetric technique and
LDH (Lactate dehydragenase) assay.

2.6.1. MTT Assay

Gold(IIT) complexes are biologically active substances of
special interest as potential anticancer agents. Effects of
[Au(en)Cl]" [Au(dach)Cl,] and [Au(bipy)Cl,]" complexes
on cell viability were determined using MTT colorimetric
technique [13]. A549 cells were diluted with medium to 4 x
10* cells/mL and aliquots (4 x 10° cells/100puL) were placed
in individual wells in 96-multiplates. After 24 hours, cells
were treated with selected concentrations of complexes for 3
days. Control wells were prepared by the addition of culture
medium. Wells containing culture medium without cells
were used as blanks. After incubation drug containing me-
dium was discarded and replaced with serum free medium
containing 15% of MTT (5Smg/ml) dye. After additional 4 h
of incubation 37°C in a 5% CO2 incubator, medium with
MTT was removed and DMSO (150 pL) with glycine buffer
(20 pL) was added to dissolve the blue formazan crystals.
The plates were shaken for 10 min. The optical density of
each well was determined at 595 nm. The percentage of cy-
totoxicity was calculated using the formula:

% cytotoxicity = 100-(TS-BG0)~E/(TS-BG0) x 100)

where BGO is for background of medium alone, TS is for
total viability/spontaneous death of untreated target cells,
and E is for experimental well.

2.6.2. LDH Assay

LDH assays can be performed by assessing LDH re-
leased into the media as a marker of dead cells or performing
lysis LDH as a marker of remaining live cells. LDH, there-
fore, is the most widely used marker in cytotoxicity study.
[14] Cytotoxicity of gold complexes was examined by Cyto-
toxicity Detection Kit (LDH) (Roche Applied Science).
A549 cells were prepared and treated with complexes in the
same manner as for MTT assay. Additional wells were pre-
pared as high control, cells were treated with Triton X (1%).
Cells exposed to medium were used as low controls. After
treatment, supernatant (100uL) was transferred to new plate
and incubated with an equivalent volume of substrate solu-
tion. After incubating the plates for 30 minutes at RT, 50
ul/well stop solution was added and data were acquired by
spectrophotometry at 450 nm. The percentage of dead cells
was calculated using the formula:

% of dead cells=(exp. value-low control)/(high control-
low control) x 100
2.7. Apoptosis Assay

For the detection of apoptosis, the Annexin V binding
capacity of treated cells was examined by flow cytometry. At
the onset of apoptosis, phosphatidylserine which is normally
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Scheme 1.

found on the internal part of the plasma membrane becomes
translocated to the external portion of the membrane and
becomes available to bind to the annexin V-FITC. 7-AAD
bind to the cellular DNA in cells where the cell membrane
has been totally compromised [15]. After A549 cells reached
subconfluency, medium was replaced with gold (III) com-
plexes (500 uM). Exposed A549 cells were placed at 370C
in a 5% CO2 incubator for 24h. Cultured cells were washed
twice with phosphate-buffered saline (PBS, Sigma Aldrich)
and resuspended in 1x binding buffer (10x binding buffer:
0,1 M Hepes/NaOH (pH 7,4), 1,4 M NacCl, 25 mM CaCl2) at
concentration 1x106 / mL. Annexin FITC and propidium
iodide (PI) were added to the 100 puL of cell suspension and
incubated for 15 min at room temperature (25 oC) in the
dark. After incubation 400 pL of 1x binding buffer was
added to each tube and stained cells were analyzed within 1
hour using FACS Calibur (BD, San Jose, USA) and Win-
MDI software. Since, Annexin V FITC staining precedes the
loss of membrane integrity that accompanies the later stage
identified by PI, Annexin FITC positive, Pl negative indi-
cates early apoptosis, while viable cells are Annexin V FITC
negative, PI negative. Cells that are late apoptosis or already
dead are both Annexin V FITC and PI positive.

3. RESULTS
3.1. Kinetic Measurements

Here we report the results of kinetic studies of some
bifunctional gold(IIl) complexes. The substitution reactions
of gold(Ill) complexes [Au(en)CL]", [Au(dach)Cl,]" and
[Au(bipy)Cl,]" with nucleophile 5’-GMP were investigated
spectrophotometrically by following the change in
absorbance at suitable wavelengths as a function of time
under pseudo-first-order conditions. All reactions were
studied at physiological (pH = 7.20) conditions in 25 mM
Hepes, with the presence of NaCl, to prevent the hydrolysis
of the starting complexes. All reactions were performed as a
function of nucleophile concentration and temperature using
stopped-flow technique.

The substitution reactions of [Au(en)CL]" and
[Au(dach)Cl,]" and [Au(bipy)Cl,]" with nucleophile 5’-GMP
were studied also at physiological pH 7.20 in 25 mM Hepes
with the presence of 20 mM NaCl, to prevent the hydrolysis
of the complexes. The process of substitution could be de-
scribed as shown in Scheme 1.

The first step of the substitution is a reversible process,
where the direct reaction nucleophile substitutes one chloride
ion from the coordination sphere of the starting complex.
However, due to the presence of 20 mM NaCl solvolytic step

is eliminated and the reaction becomes equilibrium. The
second step is also equilibrium when another molecule of
nucleophile substitutes the other chloride ion.

The obtained pseudo-first order rate constants for the first
(kobsaf) and the second (Kopsas) steps of the substitution (data
are given in Tables S1- S3. Supp. Material) were plotted
versus the concentrations of the entering nucleophiles. A
linear dependence on the nucleophile concentration was
observed for all reactions. Representative plots for the
substitution reactions of [Au(bipy)Cl,]", [Au(dach)Cl,]" and
[Au(en)Cl,]" complexes with 5°-GMP are shown in Fig. (2),
and in Supp. Mat., Fig. (1S and 28).

The observed pseudo-first-order rate constant, Kopsa s, as a
function of the total concentration of nucleophile is
described by Eq. (1) and the rate constants k; ¢ and k- ¢ can
be determined from the slopes and intercepts of the plots.

kobsd,f =k, +k,;[Nu] (D

The observed rate constants for the second reaction step
can be expressed as given in Eq. 2.

kobsd,s = k-2,s + kZ,S[Nu] (2)

All The rate constants for the first and the second
reaction steps for the all reactions, calculated by OriginProS8,
are summarized in Table 1.

The first reaction step occurs via nucleophilic attack of
N7 donor atom of purine base comprised in 5’-GMP,
resulting in the formation of a product by departing one
chloride ion [16-17]. The second step includes the substitu-
tion of another chloride ion from the starting complex, when
1:2 complexes is formed. However, the first and the second
steps of the substitution of [Au(bipy)Cl,]" complex are faster
than in the case of [Au(dach)Cl,]" and [Au(en)Cl,]" complex
due to the same effect of inert, bidentate, ligand as it was
explained before [17].

The temperature dependence of rate constants enabled
the calculation of the activation enthalpies and entropies by
using Eyring equation. Activation parameters derived from
these experiments are summarized in Table 1. The entropy of
activation for all studied systems is large and negative,
which is in line with an associative substitution mechanism.

3.2. Gold (IIT) Complexes Showed Cytotoxic Effects and
Induce Apoptosis of A549 Cells

All of three gold (II) complexes showed cytotoxic effect
on A549 cells (Fig. 3, 4, 5). The concentration increase is
followed by markedly increase of apoptotic cell's percentage.
The concentrations from 7.8 uM to 250 pM of all tested
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Table 1. Rate Constants and Activation Parameters for the First and the Second Steps of the Substitution Reactions of [Au(dien)Cl,]*
and [Au(en)CL]" Complexes with Ligand 5>-GMP at 298 K in 25 mM Hepes bufFer (pH = 7.2 and 20 mM NaCl).

5’-GMP
First step ko /M's™ AH,*/kJ mol™ AS,"/1 K mol™ ks AH,7/kJ mol™ AS/*/T K mol™
[Au(bipy)CL]* (1.49 +0.05) *10 743 -180 +10 (3.940.9)x 102 86 +2 T£2
[Au(dach)CL]* (6.610.2) ‘10" 1013 -170 10 (1486i040404)10'l 2112 -190 £20
[Au(en)CL]" (3.3+0.3)10" 2443 140+ 10 (8.2+0.7)10? 39+2 -139+38
Second step kz,,/M'l s AH,”/kJ mol AS,” /T K mol kl,s/s'l AH,’%/k]J mol AS,”’ /T K mol
Au(bipy)CL]"* (1.03 +£0.03)-10' 3343 2120+ 10 (3.9+0.1)x 10?2 14+3 -169+9
[Au(dach)CL]* 6.2+03 275 140+ 10 (3.1+£0.1)x 102 48 +2 -120£10
[Au(en)CL]" 2.540.1 2612 -154+9 (3.1 i0404)~10'2 8 +4 -140+ 10
+
+ H2
C
/N +
H,C NH, H,
N ~ /Cl
. Au\
H,N — Au—Cl N al
H,
Cl
[Au(bipy)Cl,]* [Au(en)Cl,]* [Au(dach)Cl,]*
(0]
NH,
5'-GMP
Fig. (1). Structures of the investigated complexes and nucleophile.
1.2 - - 0.16
KobsdlS™ first step s I KobsalS™ second step 309.9K
11 :
0.12 1
0.8 -
04 298.0K
0.6 1 0.08 -
288.2K
04 | 0.06 -
0.04 -
0.2 -
* \ 0.02 -
6 [5-GMPI/M [5'-GMP]/IM
T T T T T 0 T T . T T
0 0.001 0.002 0.003 0.004 0.005 0.006 0 0.001 0.002 0.003 0.004 0.005 0.006

Fig. (2). Pseudo-first order rate constants for the first (Koysq) and the second (Kqpsq2) steps of the substitution reactions between [Au(bipy)CL]"
complex and 5’-GMP as a function of ligand concentration and temperature, in 25 mM Hepes buffer (pH = 7.2) with the addition of 20 mM
NaCl.
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Fig. (4). The results of LDH cytotoxic assay.

complexes showed similar and low cytotoxic effect. How-
ever, gold complexes differ at concentration of 250 pM.
[Au(dach)Cl,]" complex show high cytotoxicity with almost
100% of dead cells and [Au(bipy)Cl,]" had low cytotoxic
effect (40% dead cells). Interestingly, A549 cells proliferated
24 h after treatment with [Au(en)CL]" complex (at concen-
tration 250 pM). All three gold (III) complexes show 100%
of cytotoxicity at the concentration of 500 uM (Fig. 3).

Results obtained from LDH assay correlate with MTT re-
sults (Fig. 4). Apoptotic assay showed that most of dead cells
were in the stage of early apoptosis (Fig. 5).

Flow cytometry results have shown that cisplatin had
54.77% cells in the early apoptosis, [Au(en)CL]" 7.16%,
[Au(dach)Cl,]" 21.19% and [Au(bipy)Cl,]" 60,92 %.

This indicates that [Au(bipy)Cl,]" shows higher cytotoxic
effect on AS549 cells after 24hrs of exposure in comparison to
the cisplatin. Also it is shown that at the concentration of 250
uM both cisplatin and [Au(bipy)Cl,]" show same level of of
cytotoxicity measured through MTT assay.

4. DISCUSSION

Here we, for the first time, demonstrate the cytotoxic ef-
fects of newly synthesized [Au(bipy)Cl,]" [Au(dach)Cl,]"

[Au(en)Cl,]" gold (IIT) complexes on A549 human lung car-
cinoma epithelial cell line. Our results showed that all tested
gold(I1T) complexes displayed cytotoxic effect on A549 cells
(Fig. 3,4,5). The concentration decrease was followed by
markedly decrease of apoptotic cell's percentage. At the
highest and at the lowest concentrations (500 uM vs. 7,8
uM) all tested complexes showed similar cytotoxic effects.
However, at the concentration of 250 uM for which we sup-
pose that could be used in vivo, [Au(bipy)Cl]" complex
showed the best cytotoxic effects among tested gold (III)
complexes and similar cytotoxicity compared to cisplatinum
that we used as control. At concentration 250 uM, only 24
hours after treatment with [Au(bipy)Cl,]" almost all A549
cells were dead (Fig. 3).

In addition, apoptotic assay showed high percentage of
early apoptotic cells after treatment with [Au(bipy)Cl,]"
(60,92 %) compared with cisplatin (54.77%) and other tested
gold (1) complexes ([Au(dach)Cl,]" 21.19% and
[Au(en)Cl,]" 7.16%) suggesting apoptosis as the main
mechanism of [Au(bipy)Cl,]" cytotoxicity (Fig. 5).

The activation parameters for all studied reactions sug-
gest an associative substitution mechanism. As previously
described, the first reaction step occurs via nucleophilic
attack of N7 donor atom of purine base comprised in 5°-
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GMP, resulting in the formation of a product by departing
one chloride ion [16-17]. The second step includes the sub-
stitution of another chloride ion from the starting complex,
when 1:2 complexes is formed. Both the first and the second
steps of the substitution of [Au(bipy)Cl,]" complex are faster
than in the case of [Au(dach)CL]" and [Au(en)Cl,]" com-
plexes suggesting better efficacy of [Au(bipy)Cl,]" complex.

In line with the obtained results, we suppose that
[Au(en)Cl,]" complex could be a good candidate for future
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pharmacological evaluation as new therapeutic agent in the
pre-clinical studies for the treatment of lung carcinoma.
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Abstract Organic gold complexes have different
biological activity, depending on their potential
for interactions with key functional molecules.The
aim of this study was to investigate potential of several
newly synthesized organic gold complexes to influ-
ence spontaneous motility of the Fallopian tubes.The
effects of [Au(bipy)Clz]Jr (dichloride(2,2'-bipyridyl)
aurate(IIl)-ion), aurothiomalate, [Au(DMSO),CL,]Cl
and DMSO on spontaneous motility of Fallopian tubes
were tested on the isolated tube segments in vitro.
Aurothiomalate (from 2.9 x 10°t04.9 x 1074 M),
[Au(bipy)CL]CI (from 3.3 x 10~ t04.2 x 107> M/I)
and DMSO (from 1.9 x 107% to 1.0 x 107> M/) did
not affect spontaneous contractions of the isolated
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Fallopian tube ampulla, while [Au(DMSO),Cl,]Cl
(from 2.9 x 107° to 4.2 x 107> M/l) showed con-
centration-dependent increase (stimulation) of spon-
taneous contractions of the isolated Fallopian tube
isthmus, and remained without effect on the isolated
ampulla.The drugs designed as organic gold com-
plexes with weaker bonds between the gold itself and
organic part of a molecule could adversely affect
motility of the Fallopian tubes, and theoretically
fertility of women taking such drugs in their repro-
ductive age.

Keywords Gold(IIl) - Complexes - Kinetics -
Cytotoxicity - 5'-GMP - Fallopian tubes

Introduction

There is long tradition of using gold and platinum
drugs in medicine for treatment of various diseases. In
particular, during the last 10-20 years, much interest
has focused on gold(IIl) complexes (Messori and
Marcon 2004; Dyson and Sava 2006). Presently,
platinum drugs are playing a major role as established
medical treatments of cancer (Wang and Lippard
2005; Reedijk 2003), while drugs with gold are used
mostly in rheumatology. Gold(III) complexes are
square-planar d®, isoelectronic and isostructural to
Pt(IT) complexes. Generally speaking, gold(III) com-
plexes are not very stable under physiological condi-
tions due to their high reduction potential and fast
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hydrolysis rate. Therefore, selection of a suitable
ligand to enhance the stability became a challenge in
the design of gold(III) complexes. The Au(IIl) is best
coordinated by at least two chelating nitrogen donors
which lower the reduction potential of metal center
and thereby stabilize the complex. Stability of these
gold(IIT) complexes (Giovagnini et al. 2005; Che et al.
2003) in solution was acceptable, which facilitated
extensive pharmacological investigation, both in vitro
and in vivo (Casina et al. 2008; Tieking 2008;
Garza-Ortiz et al. 2007; Casini et al. 2009).

Female patients with rheumatoid arthritis do have
decreased fertility rate, which is about 88 % of fertility
rate in healthy females of the same age (Wallenius
et al. 2011). Although reports on additional decreased
fertility in female patients with rheumatoid arthritis
who take gold-containing drugs are rare (Janssen and
Genta 2000), it cannot be excluded due to paucity of
published studies about this topic (Capell 2002).

The effects of gold complexes on motility of
internal hollow organs were rarely investigated in the
past. In an early study on isolated guinea pig tracheal
rings sodium aurothiomalate and gold chloride inhib-
ited contractile effect of histamine (Suzuki et al. 1983)
in micromolar concentrations, but this effect was not
reproduced in experiments on isolated proximal and
distal canine airway smooth muscles (Ledford et al.
1989). Different effects on smooth muscles were
observed for various organic compounds of gold:
while auranofin markedly inhibited contractile
response of the longitudinal muscle strips from the
gastric body of the guinea-pig stomach, elicited by
epidermal growth factor—urogastrone, aurothioma-
late and aurothioglucose did not have any effect (Itoh
et al. 1988). Also, direct vasodilating effect in the
patients with rheumatoid arthritis was frequently
observed after injection of aurothiomalate, but not
after injection of aurothioglucose (Gottlieb and Brown
1977). Effects of gold compounds on smooth muscles
probably depend on their ability to bind for enzymes or
second messengers, like cGMP, which are involved in
processes of contraction or relaxation; the binding of
gold alters functioning of these regulatory molecules,
and affects motility of hollow organs (Mietens et al.
2012).

The effects of organic gold compounds on smooth
muscles of oviduct were not previously investigated
at all. However, since aurothiomalate inhibits pene-
tration of sperm into zona pellucida of hamster
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oocyte (Corselli and Talbot 1987), influence of
organic gold compounds on many different aspects
of fertilization (including Fallopian tubes motility)
could not be excluded. Being highly prevalent
disease (overall sex and age adjusted prevalence is
0.72 %) (Myasoedova et al. 2010) with mean age of
the patients of around 41 year (Owino et al. 2009),
rheumatoid arthritis affects great number of females
in their reproductive period. Since organic prepara-
tions of gold are still widely used for treatment of
rheumatoid arthritis (Gibofsky and Yazici 2010),
their eventual influence on process of fertilization
could have significant clinical implications. The aim
of our study was to investigate whether aurothiom-
alate and two novel organic compounds of gold
influence spontaneous motility of the isolated human
Fallopian tubes.

Materials and methods
Chemicals

The ligand 2,2’-bipyridyl(bipy) was obtained from
Acros Organics. Starting complex potassium tetra-
chloridoaurate(Ill), K[AuCl,], was purchased from
ABCR GmbH & Co. KG, 98 %. Gold sodium
thiomalate hydrate (aurothiomalate) was purchased
from Sigma-Aldrich, St. Louis, USA). All the other
chemicals were of the highest purity commercially
available and were used without further purification.
Ultra pure water was used in all experiments.

Synthesis of the complexes

The complex [Au(bipy)Cl,]Cl was prepared according
to the published procedure (Zhu et al. 2006; Skibsted
1986; Milovanovic et al. 2010). Dichloridobis(dimeth-
ylsulphoxide)gold(Ill) chloride, [Au(DMSO),Cl,]Cl,
was synthesized by dissolving KAuCl, (0.2 g,
0.53 mM) in 5 cm® 0.05 M HCI in the dark. Under
continuous stirring to the solution were dropped, first,
75 pl of DMSO (1.06 uM) and later solution of 0.1 M
NaOH, to adjust pH about 4.5. The mixture was stirred
for 5 h at room temperature and the obtained yellow
solution was left in the darkness to evaporate. After
few days formed dark yellow crystals were filtrated,
washed with cold water and dried. Found: H, 1.87; C,
7.21; S, 7.18. Calc. for AuC4S,0,H;,Cl;: H, 1.84; C,
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7.32; S, 7.76 %. Structures of the investigated com-
plexes are shown in Fig. 1.

Instrumentation

Chemical analyses were performed on a Varian III
CHNOS Elemental Analyzer, Elemental Analysen-
systeme, GmbH. The optical density was measured
using microplate multimode detector Zenyth 3100.
UV-Vis spectra were recorded on Shimadzu UV 250
and Hewlett-Packard 8452A diode-array spectropho-
tometers with thermostated 1.00 cm quartz Suprasil
cells.

Patients

Fallopian tubes were taken from 18 female patients
(one tube from each patient) during abdominal hys-
terectomy with adnexectomy. All patients underwent
surgery because of extensive uterine fibroids which
were causing prolonged uterine bleeding. The patients
were unable to identify regular menstrual bleeding for
3 months prior to hospital admission. The mean age of
the patients was 44.6 &+ 5.4 years, with the range from
36 to 56 years. The study was approved by Ethics
Committee of Clinical Center “Kragujevac”, and the
patient signed the informed consent forms.

All patients underwent surgery from 2008 to 2010
in the Gynecological Clinic of Clinical Centre “Krag-
ujevac” in Kragujevac, Serbia. The time span of

Sodium aurothiomalate

sample collection was 22 months, due to difficulties in
obtaining undamaged samples of the same size. None
of the patients received sex hormones for one and a
half months prior to the operation. The operations
were performed under general anesthesia produced by
gas N0, opioid fentanyl and neuroleptic droperidol.
The anesthesia was induced by intravenous injection
of thiopental sodium, and muscle relaxation achieved
initially by succinyl-choline and later on by pancuro-
nium. All patients were pre-medicated with 0.5 mg of
atropine subcutaneously.

After clamping the blood supply and resecting a
Fallopian tube it was placed in 250 ml dish filled with
De Jalons solution (154 mM NaCl, 5.95 mM
NaHCO;, 5.63 mM KCl, 0.54 mM CaCl,-2H,0,
2.78 mM glucose) which was gassed (95 % O, and
5 % CO,, 5 ml/min) and transported to the laboratory.

Isolated preparations

About fifteen minutes after taking a Fallopian tube in
the operating room the isolated preparations were
mounted in an isolated organ bath. Two types of
Fallopian tube preparations were isolated: isthmus and
ampulla. The serosa was removed from both the
isthmic and the ampullar preparations. The isthmic
preparations with following measures were used in the
experiments: 4 cm in length, wall thickness 1.2 mm
and the lumen diameter 1 mm. Also, the ampullar

@ Springer



922

Biometals (2012) 25:919-925

preparations with following measures were used in the
experiments: 5 cm in length, wall thickness 1.2 mm
and the lumen diameter 5-6 mm. Both types of
preparations were mounted in an organ bath longitu-
dinally, analogous with Magnus preparations of rat
ileum (Magnus 1904). Opposite walls of the prepara-
tion were attached to the bath base and the transducer,
respectively.

The bath and the transducer

The isolated preparations were mounted in 75 ml
isolated organ bath, filled with De Jalons solution
(154 mM NaCl, 5.95 mM NaHCO;, 5.63 mM KClI,
0.54 mM CaCl,-2H,0, 2.78 mM glucose). The bath
solution was maintained at 37 °C and aerated with
95 % O, and 5 % CO,. One end of the isolated
preparation was attached to the bath base, and the other
to the lever of the isometric transducer. The tension of
the isolated preparations was continuously recorded
with the isometric transducer (Palmer Bio Science, Los
Angeles, CA, USA) and registered on personal com-
puter using Majk Electronic interface and software
(Majk Electronic, Mladenovac, Serbia and Montene-
gro). The isolated preparations were given a passive
load of 1 mN and allowed to equilibrate for 1 h before
an experiment started.

The agonists

The spontaneous contractions of isolated preparations
were measured as area under the curve (AUC). The
effects of experimental substances on area under the
contraction curve were measured.

In the beginning of each experiment, at least one
hour of spontaneous activity was recorded, in order to
observe for spontaneous changes of phasic contrac-
tions. The experimental substances were added to the
isolated organ bath cumulatively, without washing
between the subsequent doses. The interval between
two adjacent doses was always 5-6 min. After
cumulating all doses of a substance, the bath was
washed three times, and the isolated preparation
was allowed to rest for further 30 min. The effect
of each experimental substance was observed on at
least four isolated preparations, taken from different
individuals.
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Statistics

The effect of each concentration of a test-substance on
spontaneous contractions was expressed as a percent-
age of the maximum effect obtained with that agonist,
and used for construction of concentration-response
curves. The concentration-response relationship was
determined by linear regression on logarithmically
transformed data calculated according to the method
of least squares. The range of values used for the linear
regression was from 15 to 85 % of the maximal
response, in the more linear part of the curve. The
concentration of an agonist eliciting 50 % of its own
maximum response (ECsg) and its confidence limits
(1.96 x standard error) were determined graphically
for each curve by linear interpolation (Bowman and
Rand 1980; Kenakin 1984).

The significance of changes in phasic activity of the
isolated preparations was tested by one-way analysis
of variance.

Results
Isolated preparations of ampulla

Preparations from all patients showed spontaneous
activity comprised of slow phasic contractions with
amplitude of 10.7 £3.9 uN (3.9 pN = standard
deviation [SD]) and frequency of 3-7 cycles per
minute.

The spontaneous change in phasic activity of
isolated ampulla was not observed after 2 h of
follow-up (F = 0.057, df; = 10, df;, = 32, p > 0.05).

Aurothiomalate (from 2.9 x 107° to 4.9 x 107
M/1), [Au(bipy)CL]CI (from 3.3 x 1077 to 4.2 x
107> M/1), [Au(DMSO0),CL]CI (from 1.9 x 1078 to
1.0 x 107> M/l) and DMSO (from 1.9 x 107° to
1.0 x 107> M/1) did not affect spontaneous contrac-
tions of the isolated Fallopian tube ampulla (F =
0.873, df; =8, df, =27, p>0.05 F=1.573,
dfy =7, df, =18, p>0.05; F= 1279, df; =7,
df, = 24, p > 0.05; and F = 0.636, df; = 7, df, =
23, p > 0.05 respectively).

Isolated preparations of isthmus

Preparations from all patients showed spontaneous
activity comprised of slow phasic contractions with
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Fig. 2 Semi-logarithmic plot of stimulatory effects of [Au
(DMSO),CL]Cl (open square), aurothiomalate (black up-pointing
triangle) and [Au(bipy)CL]Cl (black circle) on spontaneous
contractions of isolated human oviduct isthmus. Each point
represents mean effect obtained from experiments on isolated
preparations taken from four different persons. Error bars
standard deviations. Half of the error bars was omitted for the
sake of clarity

amplitude of 7.6 = 2.8 pN (2.8 uN = standard devi-
ation [SD]) and frequency of 3-8 cycles per minute.

The spontaneous change in phasic activity of
isolated isthmus was not observed after 2 h of
follow-up (F = 0.395, df, = 7, df, = 22, p > 0.05).

[Au(DMSO),CL,ICl (from 2.9 x 107° to 4.2 x
107> M/1) showed concentration-dependent increase
(stimulation) of spontaneous contractions of the
isolated isthmus. (ECso = 8.62 &+ 5.08 x 107° M/L,r =
0.620, p < 0.05) (Fig. 2).

Aurothiomalate (from 2.9 x 10™° to 4.9 x 107*
M/), [Au(bipy)CL]CI (from 3.3 x 1077 to 4.2 x
107> M/l) and DMSO (from 1.9 x 107® to 1.0 x
107> M/1) did not affect spontaneous contractions of
the isolated Fallopian tube isthmus (F = 0.900,
df, =8, df; =36, p>0.05; F=0.130, df, =6,
df, = 21, p > 0.05; and F = 0.290, df; = 10, df, =
44, p > 0.05, respectively) in a concentration-depen-
dent manner (Fig. 2).

Discussion

Gold(IIT) complexes react much faster than Pt(II)
complexes with the same nucleophiles (Bugarcic et al.
2008). Nucleotides (like 5-GMP) have a higher
affinity for gold(III) complex than chloride, which
may have important biological implications. In our

previous study (Arsenijevic et al. 2012) we have
shown that Au(Ill) readily binds to guanosine
5'-monophosphate (5'-GMP) via nucleophilic attack
on N7 atom of guanine (Zhu et al. 2006; Skibsted
1986; Milovanovic et al. 2010) similar interaction
could be expected from Au(Ill) and physiological
precursor of 5'-GMP, guanosine-3’, 5'-cyclic mono-
phosphate (cGMP). Decrease in free intracellular
c¢GMP in human semen is associated with decreased
sperm motility (Zhang and Zheng 1996; Mostafa
2007), decreased Leydig cell secretory function,
decreased motility of epididymis, decreased prostatic
secretory function and male infertility (Dimitriadis
et al. 2009). On the other hand, increase in free
intracellular cGMP is associated with increased via-
bility of human granulosa luteinized cells, better
development of pre-ovulatory follicles and increased
fertilization rate of oocytes (Dineva et al. 2011).
Au(IlT) complexes and other drugs containing gold
which binds to the cGMP could adversely influence
both male and female fertility, through decrease of
intracellular free cGMP which should be available for
normal signaling in reproductive tissues.

The type of coordinated inert ligand has a large
effect on reaction rate. The [Au(bipy)Cl,]" complex is
more reactive than [Au(en)Cl,]*. The activation
parameters for all studied reactions suggest an asso-
ciative substitution mechanism. In the second step of
the reaction, another chloride ion from the starting
complex is substituted, and 1:2 complexes are formed.
Both the first and the second steps of the substitution of
[Au(bipy)Cl,]* complex are faster than in the case of
[Au(en)Cl,]* complexes suggesting higher biological
activity of [Au(bipy)Cl,]", similar to other labile gold
complexes, like [Au(DMSO),Cl,]Cl (Milovanovic
et al. 2010).

Gold complexes could be good candidates for
future pharmacological evaluation as new therapeutic
agents in the pre-clinical studies for treatment of lung
carcinoma, considering their recently described cyto-
toxic effect in vitro (Milovanovic et al. 2010).
However, their adverse effects profile is also impor-
tant, including interference with motility of hollow
organs. It was shown that several metals (zinc, copper
and titanium) may inhibit contractility of human
airway smooth muscle cells, without affecting their
viability (Berntsen et al. 2010). Although mechanism
of their action remains unclear, it is unlikely to
be mediated by some non-specific pathway, like
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metal-induced generation of reactive oxygen species
(Berntsen et al. 2010; Ozturk et al. 2009; Vaziri 2008).
On the other hand, some heavy metals like lead induce
contraction of vascular smooth muscle cells through
activation of protein kinase C (Ozturk et al. 2009;
Vaziri 2008). Incubation of isolated smooth muscle
strips from aorta with cadmium led to augmentation of
5-hydroxytryptamine-stimulated inositol monophos-
phate accumulation and contraction (Sakurada and
Wakabayashi 1999). All these experimental data
suggest significant influence of metals, including gold,
on tone and spontaneous activity of smooth muscle
organs in human body.

In our study only one of the gold(IIT) preparations
used, [Au(DMSO),CL]Cl, produced stimulation of
spontaneous activity of isolated oviduct. This effect
should be attributed to the gold itself, since in our
experiments with DMSO alone no changes in spon-
taneous motility of Fallopian tubes happened. Since
gold is more easily released from this organic com-
pound than from aurothiomalate or [Au(bipy)CIL,]Cl,
this could explain better contact of gold with smooth
muscle cells and observed differences in the effects.
Other studies have also confirmed higher biological
activity of organic gold compounds with weaker bonds
between the gold itself and organic part of a molecule
(Suzuki et al. 1983; Ledford et al. 1989; Itoh et al.
1988; Gottlieb and Brown 1977). The difference in
stability of organic gold compounds and subsequent
difference in biological activity should be taken into
account during design of novel drugs that contain gold.

Our patients were at the and of their reproductive
period, and phase of their menstrual cycle could not be
determined due to long period of irregular bleeding
caused by uterine fibroids. This prevents extension of
our findings to all phases of menstrual cycle, creating
need for additional studies with gold complexes on
isolated isthmus taken from women which unequiv-
ocally were in follicular or luteal phase.

Conclusion

In conclusion this work demonstrated that gold(III)
complexes with weaker bonds between the gold itself
and organic part of a molecule more readily influence
motility of the Fallopian tubes’ isthmus, causing
stimulation. Excessive stimulation of the Fallopian
tubes spontaneous motility by gold may hamper its
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important role in the process of fertilization, leading to
decreased fertilization rate in women taking drugs
containing gold. Therefore, drugs designed as organic
gold complexes with stronger bonds between the gold
itself and organic part of a molecule could be better
tolerated by women in their reproductive age.
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