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Aim. The transferrin cycle gained increased interest in recent years and it holds promise as an attractive
system for strategies of drug targeting to tumors. Neoplasic cells exhibit a large demand of iron and the-
refore express highly transferrin receptors. As a consequence, transferrin conjugates can preferentially in-
teract with cancer cells. This strategy is exploited nowadays for targeting novel anti-cancer drugs. Recent
data showed that ruthenium (I11) compounds possess antitumor and antimetastatic effects, due to their affi-
nity for crucial biomolecules (like transferrin). Methods. The paper presents the transferrin-binding pro-
perties of some novel ruthenium (I11) complexes with general formula RuL ,(DMSO) ,,Cl;;nH,0 ((Ru-nf) L:
norfloxacin (nf), m = 1, n = 1; (Ru-cpx) L: ciprofloxacin (cpx), m = 2, n = 2; (Ru-oflo) L: ofloxacin (oflo),
m =1,n=1; (Ru-levo) L: levofloxacin (Levo), m =2, n =8, (Ru-pip) L. pipemidic acid (pip), m =1, n = 2,
DMSO: dimethylsulfoxide). We investigated, in vitro, the interactions of these ligands with human transfer-
rin through spectroscopic techniques, with the ultimate goal of preparing adducts with good selectivity for
cancer cells. Results. All studied complexes interact with human serum transferrin; the molar ratio [com-
plex]/[transferrin] strongly influences the binding affinity. Conclusions. The best interaction between the
complexes studied and transferrin is achieved for a molar ratio of 8; the best interaction was registered for
Ru-pip, followed by Ru-nf.

Keywords: ruthenium (I11) complexes, transferrin.

high amounts of iron for their growth and therefore

Introduction. A number of biological studies have hi-
ghlighted in the last years a novel mechanism of action
for anticancer drugs, regardless their covalent binding
with the DNA. The literature presents experimental
evidence for an important affinity between the chemo-
therapeutic medicines and other crucial biomolecules
like plasma proteins.

In this regard, transferrin became an interesting and
promising biomolecule over the last years for the deve-
lopment of new biochemical mechanisms of drug tar-
geting to tumor tissues [1-3]. Neoplasic cells demand
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express the transferrin receptor at a high rate. As a con-
sequence, transferrin conjugates can preferentially
interact with cancer cells through transferrin receptors.
This strategy is exploited nowadays for targeting novel
anti-cancer drugs.

In the last years, following the success of cisplatin,
several metal complexes other than platinum have been
considered as possible alternatives. It was particularly
found that ruthenium (III) compounds possess anti-
tumor and antimetastatic activities [4]. Four classes of
ruthenium (III) complexes were imposed as promising
antitumor agents. Ammine-chloro derivatives comple-
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Fig. 1. Structures of the investigated quinolones and general structure
of their Ru (IIT) complexes

xes like cis-[Ru(IIl)(NH,),CL,]" and fac-[Ru(III)
(NH,),Cl,] were developed by M. Clarke [5]. A large
number of ruthenium (II) and ruthenium (III) mixed
complexes with sulfoxide ligands were synthesized
and characterized by the group of Alessio [6]. Between
them, Na{trans-[Ru(Ill)CL(DMSO)(Him)]} (Him =
= imidazole), nicknamed NAMI, and the more stable
[H,Im][¢rans-Ru(1I))Cl,(DMSO)(Him)], also known
as NAMI-A are very promising [7]. Anionic ruthenium
(III) complexes with heterocyclic nitrogen ligands of
general formula RuCl,L, have been synthesized by
Keppler et al. [8].

The derivatives with the formula trans-
[RuCl,(L),], where L is imidazole (KP418) or indazole
(KP1019 and KP1339), and the counterion (LH)" or
Na' are very promising. KP1019 completed phase-1I cli-
nical trials [9].

Ruthenium polyaminocarboxylate complexes, a class
of ruthenium (III) complexes with polydentate mixed
donor ligands from the HEDTA family were prepared
and tested by the group of Gonzalez-Vilchez [10].

The literature studies demonstrated the affinity of
these complexes for transferrin and provide evidence
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for formation of stable adducts between them [11-16].
Therefore transferrin is investigated presently as a na-
tural carrier of the drugs to the tumor tissue, mainly
because of the high affinity of this iron-protein and the
large number of transferrin receptors on the surface of
tumor cells.

This paper presents the transferrin-binding proper-
ties of some novel ruthenium (III) complexes with
mixed ligands of the type RuL,(DMSO) ,Cl,-nH,0
((Ru-nf) L: norfloxacin (nf), m =1, n =1; (Ru-cpx) L:
ciprofloxacin (cpx), m = 2, n = 2; (Ru-oflo) L: ofloxa-
cin (of), m =1, n=1; (Ru-levo) L: levofloxacin (Levo),
m =2, n=18; (Ru-pip) L: pipemidic acid (pip), m =1,
n =2, DMSO: dimethylsulfoxide) [17-20]. All comp-
lexes display an octahedral stereochemistry with the
quinolone ligand acting as monodentate coordinated
through N4 atom of piperazinyl ring. The structures of
the ligands and the general structure of complexes are
presented in Fig. 1.

Materials and methods. During the experiment
the following reagents were used: Tris («Merck», Ger-
many), serum transferrin («Merck»), working soluti-
ons of the studied ruthenium (III) complexes. The
experimental procedure implied the following steps:

The first step implied the preparation of Tris buffer
pH 7 (5107 M Tris, 5107 M NaCl).

The preparation of each of the ruthenium comple-
xes stock solutions 10° M, using Tris buffer pH 7 as
solvent. When using this stock solution it was diluted
1:10 with Tris buffer (final complex working solution
10° M).

It was prepared a 10~ M stock solution of human
serum transferrin in pH 7 Tris buffer: in a 10 ml
volumetric flask 0.0077g of human seric transferrin
were weighed and disolved in pH 7 Tris buffer. When
using this stock solution it was diluted 1:10 with Tris
buffer (final transferrin working solution 10°° M).

For each studied complex we used 6 test tubes con-
taining the reagents, as described in Table 1.

The test tubes (performed in triplicate) were incu-
bated for 24 hours at room temperature, in the dark. Af-
terwards, the UV spectra (A = 275 nm) were immedia-
tely recorded using an UV-Vis Cary 100 Bio spectro-
photometer («Varian Inc.», USA).

Results and discussion. In this study we conduc-
ted an extensive in vitro characterization of adducts
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Table 1
Working tehnique for studing the interactions of the studied complexes with transferrin
Reagents P1 P2 P3 P4 Transferrin blank Complex blank
AutoComplex solution, 10° M 1 ml 2 ml 4 ml 8 ml - 4 ml
Transferrin solution, 10°® M 1 ml 1 ml 1 ml 1 ml 4 ml -
Molar ratio [complex]/[transferrin] 1/1 2/1 4/1 8/1 - -
Table 2
Procentual decrease of the transferrin absorbance due to the interaction with the studied ruthenium complexes
Procentual decrease of the transferrin absorbance due to the complex, %
Molar ratio
[Ru-cx]/[transferrin] Ru-cpx Ru-nf Ru-oflo Ru-pip Ru-levo
1 0.118624 15.77699 12.93001 15.18387 13.04864
2 10.32028 37.01068 30.60498 45.43298 31.55397
4 12.81139 45.67023 43.89087 57.33096 37.84104
8 17.55635 50.77106 44.72123 67.61566 45.90747

between some possible ruthenium (III) drugs (newly
synthesized) and human serum transferrin and we
gained insight into the intriguing chemistry of these
complexes. It is to mention that we also possess unpu
lished data regarding the interactions of our newly syn-
thesized ruthenium (III) complexes with human serum
albumin (HSA) and DNA, but their affinity and bin-
ding to both HSA and DNA is importantly different,
compared with the interactions with transferrin (from
with the interaction stoichiometry to the reactivity
patterns).

The present study evoked that there exists chemical
binding between the substances investigated and trans-
ferrin and also that this interaction (including the che-
mical stoichiometry) is complicated and needs proper
investigations in respect to their solution behaviour (re-
flected in the organisms fluids behaviour) and their
protein binding ability. Nevertheless, the accurate
knowledge of this binding (interaction) is crucial at this
stage of the development of a newly possible antitumor
drug since it directly reflects in the IC,, and toxicity.

The knowledge of the transferrin cycle has rapidly
increased in recent years and it holds promise as an at-
tractive system for strategies of drug targeting to tumor
tissues. Indeed, tumor cells exhibit a large demand of
iron for their growth and therefore express the transfer-
rin receptor at a high rate. As a consequence, transfer-
rin conjugates that retain a good affinity for the trans-

ferrin receptor can preferentially interact with cancer
cells. This strategy is exploited nowadays for targeting
novel anti-cancer drugs. For example, Keppler’s com-
plexes were the first ruthenium (III) complexes whose
interactions with human serum transferrin were inves-
tigated in solution by various techniques, including
spectrophotometry, at different stoichiometry binding
stages [8, 9, 14]. Also, such a strategy was used to achi-
eve targeting on adriamycin to neoplastic tissues [2].

In our case, the major behaviour of our ruthenium
(III) complexes reflected in the transferrin spectrosco-
pic absorbance. In this regard transferrin absorbance in
UV was modified (has decreased) in the presence of the
studied ruthenium complexes, as it can be seen in Table
2 and Fig. 2-6.

The studied ruthenium complexes interact in vitro
with transferrin. This fact has been experimentally ob-
served by the diminish of the absorbance value of trans-
ferrin in UV, consequent to the direct contact complex-
transferrin.

By analyzing the obtained results, it can be conclu-
ded that the complex Ru-nf produces the most impor-
tant decrease in the UV transferrin absorbance, when
used in the molar ratio [Ru-nf]/[transferrin] = 1/1. The
decrease in the UV absorbance of this protein due to an
interaction with the research complexes (molar ratio
[complex]/[transferrin] = 1/1) has varied as follows:
Ru-nf > Ru-pip > Ru-levo > Ru-oflo > Ru-cpx.
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Fig. 2 Dynamics of human serum transferrin UV absorbance after the
interaction with the studied complexes (molar ratio [complex]/[trans-
ferrin] = 1/1); y axis — absolute values of transferrin absorbance in-
hibition for a molar ratio of interaction [complex]/[transferrin] = 1/1:
I — [transferrin]/[Ru-cpx]; 2 — [transferrin]/[Ru-nf]; 3 — [transferrin]/
[Ru-oflo]; 4 — [transferrin]/[Ru-pip]; 5 — [transferrin]/[Ru-levo]
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Fig. 4 Dynamics of human serum transferrin UV absorbance after the
interaction with the studied complexes (molar ratio [complex]/[trans-
ferrin] = 4/1); y axis — absolute values of transferrin absorbance in-
hibition for a molar ratio of interaction [complex]/[transferrin] = 4/1:
1 — [transferrin]/[Ru-cpx]; 2 — [transferrin]/[Ru-nf]; 3 — [transferrin]/
[Ru-oflo]; 4 — [transferrin]/[Ru-pip]; 5 — [transferrin]/[Ru-levo]

When using the molar ratio [complex]/[transfer-
rin] =2/1 it was observed, as well, a decrease of the UV
absorbance of human serum transferrin, in vitro. The
procentual dynamics of this phenomenon is: Ru-pip >
> Ru-nf > Ru-levo > Ru-oflo > Ru-cpx.

When using the molar ratio [complex]/[transfer-
rin] = 4/1 it was observed a decrease of the UV absor-
bance of human serum transferrin, in vitro. The pro-
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Fig. 3 Dynamics of human serum transferrin UV absorbance after the
interaction with the studied complexes (molar ratio [complex]/[trans-
ferrin] = 2/1); y axis — absolute values of transferrin absorbance in-
hibition for a molar ratio of interaction [complex]/[transferrin] = 2/1:
I — [transferrin])/[Ru-cpx]; 2 — [transferrin]/[Ru-nf]; 3 — [transferrin]/
[Ru-oflo]; 4 — [transferrin]/[Ru-pip]; 5 — [transferrin]/[Ru-levo]

centual variation of the absorbances was as follows:
Ru-pip > Ru-nf > Ru-oflo > Ru-levo > Ru-cpx.

When using the molar ratio [complex]/[transfer-
rin] = 8/1 it was observed a decrease of the UV absor-
bance of human serum transferrin, in vitro. The pro-
centual dynamics of the absorbances was as follows:
Ru-pip > Ru-nf > Ru-levo > Ru-oflo > Ru-cpx.

Our further studies will focus on other critical drug
development issues, like testing of these complexes
and on in vivo tumor models.

Conclusions. The experimental results regarding
the interaction of the studied ruthenium complexes
with human serum transferrin have revealed a series of
important aspects:

All the studied complexes interact in vitro with
transferrin, fact proved by the decrease of transferrin
UV absorbance due to the contact with these compo-
unds, in all concentrations;

The ruthenium complex with pipemidic acid inten-
sively reduces the transferrin UV absorbance, followed
by the ruthenium complex with norfloxacin;

The weakest interaction complex-transferrin has
been registered in the case of ruthenium-ciprofloxacin;

The molar ratio [complex]/[transferrin] = 8/1 has
presented the strongest UV detectable interactions, in
the chosen experimental conditions, for all the evalua-
ted complexes.

—_



THE BINDING OF RUTHENIUM (III) COMPLEXES WITH TRANSFERRIN

%
60 7

7

50 1

40

30 1

20 1

10 A

N

1 2 3 4 5
Fig. 5 Dynamics of human serum transferrin UV absorbance after the
interaction with the studied complexes (molar ratio [comp- lex]/[trans-
ferrin] = 8/1); y axis — absolute values of transferrin absorbance in-
hibition for a molar ratio of interaction [complex]/[transferrin] = 8/1:
1 — [transferrin]/[Ru-cpx]; 2 — [transferrin]/[Ru-nf]; 3 — [transferrin]/
[Ru-oflo]; 4 — [transferrin])/[Ru-pip]; 5 — [transferrin]/[Ru-levo]
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Fig. 6 Comparative procentual values of human serum transferrin UV
absorbance after binding with the studied ruthenium complexes; y
axis — absolute values of transferrin absorbance inhibition after comp-
lex binding; / — [transferrin]/[Ru-cpx]; 2 — [transferrin]/[Ru-nf]; 3 —
[transferrin]/[Ru-oflo]; 4 — [transferrin]/[Ru-pip]; 5 — [transferrin]/
[Ru-levo]
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3B’s3yBalibHI BJIACTUBOCTI ISSIKUX HOBUX KoMIUIeKciB pyTenito (111)
3 CHPOBATKOBHM TPaHC(HEPUHOM JIFOAUHU

Pesrome

Mema. Ocmanuimu pokamu mpancghepurosull Yuki UKIUKAE NO-
cunenuti inmepec K nepcnekmuna cucmemd yiibogoi 0ocmasKu

npOMUNYXIUHHUX npenapamie b6esnocepednsvo 6 nyxauny. Heonnac-
muyni K1imunu nompebylomes 6a2amo 3anisa, yepes ujo ekcnpecy-
10Mmy 8eAUKY KITbKICMb mpaHcghepunosux peyenmopis. Bracniook
Yb020 KOH roeamu mpaucgepury 30amui Hacamnepeo 83aEmo0iamu
3 pakosumu kaimunamu. L{io cmpamezilo y naw yac 6uKopucmogy-
10mb 07151 ROUWLYKY HOBUX NPOMUpaKosux npenapamie. Ocmauni oaui
oemoncmpyloms, wjo cnoaykam pymeniio (I11) npumamanni npomu-
NYXAUHHI | aHMUuMemacmamuyui epexmu 3a80aKu ixXHill aginHO-
cmi 00 gaxcausux 6iomonekyn (maxkux ax mpancgepun). Memoou.
Y emammi npeocmasneno mpancghepun-36’a3yeanvui eracmusocmi
Oeskux Hosux komniexcie pymernitwo (I11) 3azanvnon gopmynoio
RulL,(DMSO) ,,Cl;nH,0 ((Ru-nf) L: nopgroxcayun (nf), m =1, n =
=1, (Ru-cpx) L: yunpogprokcayun (cpx), m = 2, n = 2; (Ru-of) L:
ogrokcayun (oflo)y m = 1, n = 1; (Ru-levo) L: nesoghnoxcayun
(Levo), m =2, n =8; (Ru-pip) L: ninemiounosa kucioma (pip), m =
=1, n=2, DMSO: oumemuncyrvgpoxcuo). Mu eusuanu 63aemo0ir
in vitro yux nieanoie 3 mpancghepunom 10OUHU MemoOOM CheKm-
POCKONIT 01151 00eparcantsi a0yKmie 3 GUCOKOI0 CENeKMUBHICMIO 00
pakogux Kiimuwu. Pesynomamu i eucnoexu. Bci Oocnioacysani
KOMNAEKCU 83AEMOOIIOMb 3 CUPOBAMKOBUM MPAHCPHEPUHOM NI0OU-
HU, MONsApHe CniesiOHOwenHs [Komnaexc]/[mpancepun] snauno
BNIUBAE HA 38 'A3Y8ANbHI 61acmugocmi. Halikpawyy 63aemo0ito midxe
aHaNi308AHUMU KOMNAEKCAMU | MPAHCHEPUHOM IOMIYEHO NPU MO-
aspHOMY cniggionowenHi 8:1, a makoowc dna Ru-pip i Ru-nf.
Kurouosi cnosa: komnaexcu pymenito (I11), mpancgepun.

A.JI. Apcene, B.Viieaposu, H. Mumpea, C. M. [{pazoii, A. Huxonae

CBs3bIBaOIIME CBOMCTBA HEKOTOPBIX HOBBIX KOMIIJIEKCOB PYTCHHU

(IIT) ¢ uenoBe4YECKUM CBIBOPOTOUYHBIM TPaHCHEPPHUHOM

Pesrome

Llens. B nocreonue 20061 mpancgheppunosvitl Yyuki 8vi3vlgaem no-
BbIULEHHBIT UHNMEpeC KAK NepCneKmueHdas cucmema yenegoi 00-
CMABKU NPOMUBOONYXONEBLIX NPEnapamos HenocpeoCcmeeHHo 6
onyxonv. Heonnacmuueckue Kiemxu ucnvlmul8arom 6blCOKYI0 NoO-
mpebHocmb 8 dicenese U, cied08amenbHo, IKCAPECCUPYIom MHO20
mpanceppunosix peyenmopos. Beredcmeue 3moeo konvlocamol
mpancgeppuna cnocoOHbl NPeuUMyWecmeeHHo 63auUMo0eticmeo-
8amMb ¢ paKosvIMU KIemKamu. Imy cmpamezuio 8 Hacmosuee epe-
M5 UCNONLIYIOM OJIsl ROUCKA HOBbLX NPOMUBOPAKOBLIX NPENAPAMO8.
Ilocneonue dannvle nokasvigarom, umo coeourenus pymenus (111)
obaadaiom nNpomMuUGOONYX0ae8blM U AHMUMEMACMAMULECKUM IP-
Gexmamu 6razodaps ux agp@uuHOCMU K 8AHCHLIM OUOMONEKYIAM
(maxum xax mpancpeppun). Memoowl. B cmamve npedcmagietol
mpanceppun-cea3vieaowue ce0UCmM8a HeKOMOPbIX HOBLIX KOM-
nnexcos pymenus (I11) c odbweti popmynoii RuL ,(DMSO) ,,Cl;nH,0
((Ru-nf) L: nopgroxcayun (nf), m = 1, n = 1; (Ru-cpx) L: yunpogh-
nokcayun (cpx), m =2, n = 2; (Ru-of) L: oproxcayun (oflo), m = 1,
n=1; (Ru-levo) L: nesoproxcayun (Levo), m =2, n =8, (Ru-pip) L:
nunemuounosas kucaioma (pip), m = 1, n = 2, DMSO: oumemun-
cynvgokcud). Mot uszyuunu 3aumooeticmaue in vitro smux iueau-
006 ¢ YenogeueckuM Mpancoeppurom mMemooom cnekmpocKonuu
0Nl noxydenuss ado0yKkmos, 001a0anuux Xopouel CcelekmueHo-
Ccmblo K pakoswvim kiemkam. Pezynomamut u 6616000b1. Bee uccneoy-
emble KOMNIEKCbl 83AUMOOCUCMBYIOM C HeN08eYeCKUM CblBOpO-
MOYHBIM MPAHCHEPPUHOM, MOTAPHOE coomHoweHue [Komniekc]/
[mpancpeppun] cunvro erusem nHa césazvigaiowue ceoticmaa. Hau-
ayumee @3aumooeicmaue MexHcoy Uy4aemMulMu KOMNIEKCAMU U
mpancgeppunom ommeueno npu MoAApHomM coomnowtenuu 8:1, a
makace 015 Ru-pip u Ru-nf.
Knroueswvie cnosa: komnnexcol pymenus (I111), mpaucgeppun.
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