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Europium chelates have been previously shown to possess pronounced cytotoxic activity. These
compounds are of great interest for biomedical investigations and diagnostics, because their spectral
characteristics are optimal for visualization of the occurred processes. Application of these
pharmaceutical compounds in the free form is limited by their high toxicity and metabolic instability. In
view of this, the development of the delivery systems for europium chelates becomes actual. Liposomes
represent one of the most promising delivery systems, which allows to increase the efficiency of
pharmacological agents. The use of liposomal formulations of antitumor drugs is currently in a focus of
biomedical and biophysical research due to the following advantages: complete biocompatibility, ability
to carry both lipophilic and hydrophilic compounds, protecting them from chemical degradation and
transformation, decreased toxicity and increased therapeutic index of drug, efc. In the present work we
explore the interaction between europium chelates (here referred to as V6 and V8) and model lipid
membranes. Fluorescence intensity of membrane-incorporated probe p-terphenyl was found to decrease
with enhancement of drugs concentration. The obtained results indicate that p-terphenyl fluorescence is
quenched upon europium chelate incorporation into phosphatidylcholine liposomes. Quantitative
characteristics of p-terphenyl fluorescence quenching by the drugs under consideration have been
determined.

KEY WORDS: europium chelate, liposomes, fluorescence quenching, partition coefficient.

HNCCIIEJOBAHHUE JIMIIOCOMAJIBHBIX ®OPM HOBBIX ITPOTUBOOITY XOJIEBBIX
IIPEITAPATOB HA OCHOBE XEJIATOB EBPOIIUA METOJOM TYIIEHUS
®JIYOPECHEHIUMU n-TEPOEHUNJIA
JLA. Jlumanckas', B.M. Tpycosa', I'.IL. I'op6enxko’,

T. )Ie.ﬂnreopmenz, A. Bacues’, C. Kanosinoa®, H. Jleces’

]Xapbkoecmul nayuonanvhulil ynusepcumem umenu B.H. Kapazuna, ni. Ceoboowl, 4, Xapvkos, 61077
ZKa(j)eOpa npuknaownoti opeanuyeckou xumuu, Paxynomem Xumuu, Ynusepcumem Cogpuu, Boneapus
Panee B psime paboT OBUIO MOKa3aHO, YTO XeJaThl eBpOIUsS O00NagaroT SIPKO BBIPAKEHHBIMU
LIUTOTOKCUYECKUMU CBOMCTBaMH. JlaHHBIE COEIMHEHUS TIPEICTaBISIIOT OCOOBIA WHTEpec Juis
OMOMEUIIMHCKUX KCCIIEJ0OBAHUA W JMarHOCTHKH, IIOCKOJIBKY WX CIIEKTPAlbHBIE XapaKTEPHUCTHKU
SIBIISIFOTCSL  ONTUMAJBHBIMU Ul BH3YaJM3allMM TPOTEKaeMBIX IporeccoB. IIpuMmeHeHHe MOJ00HBIX
JIEKAPCTBEHHBIX IIpenapaToB B CBOOOAHOW (OpME OrpaHM4YE€HO HX BBICOKOW TOKCHYHOCTBIO |
MeTa0OIMUeCKOi HeCTaOMIbHOCTRIO. B CBSI3M € 3THUM, aKTyaJbHOW CTaHOBHTCS pa3pabOTKa HOBBIX
CHCTEM JIOCTAaBKM TaKHX IpenapaToB. OJHUM M3 MHOTOYMCIIEHHBIX BUJOB CHUCTEM, KOTOPBIE MO3BOJIIOT
MOBBICUTH A(Q(PEKTUBHOCTh TNPOTHUBOOIYXOJIEBHIX MPENaparoB, SBISIOTCS JHMIOCOMBL [IpuMeHeHue
JIUIIOCOMAJIBHBIX HAaHOMEPEHOCUYUKOB (papMaKoJIOrMYecKuX IpenapaToB B HACTOSIIEE BpeMs SBISIETCS
MPEZIMETOM MHOTUX OWOMEIUIMHCKAX M OMOPH3NYECKUX HCCIeNOBaHUNA Onaroiaps MX CIEAYHOIM
MPEUMYIIECTBAM: IOJTHOW OMOCOBMECTUMOCTH, CIIOCOOHOCTH TEPEHOCUTH KakK JIMMOQHUIBHBIE, TaK U
rupoUIbHbIE COENWHEHUs], 3alluinas WX OT XUMHYECKOM Jerpajaliid u TpaHcdopMaluy,
YMEHBIIEHUI0 TOKCUYHOCTH M YBEIMYEHMIO TepaleBTUYEeCKOro MHIAEKca MpernapaTtoB U T. 1. B manHol
pabore mcciaeqoBaNIoCh B3aUMOJIEHCTBHIE XeNaToB eBponus (B pabore oHM 0003Ha4YeHBl Kak V6 u V8) ¢
JIUMUIHBIM OMCIIOEM MOJIENBHBIX MeMOpaH. B0 0OHapy)keHO, YTO MHTEHCHBHOCTBH (DIIyOpECUECHIINH
JIOKAJIM30BaHHOTO B MeMOpaHe 30HzAa 7-TepeHmIa YMEHbIIAETCS IMPH YBETUYEHHU KOHLEHTPALMH
npenaparoB. AHaJIM3 IOJIYYEHHBIX pPE3YJbTaTOB IOKazal, 4ro ¢uryopecueHnus n-teppeHmna B
(ochaTUINITXOTMHOBBIX JIMIIOCOMAX TYIIHUTCS XeJaTaMu eBpomnus. Bbuth orpeseseHsl KoIMYeCTBEHHbIE

XapaKTEePUCTUKH TyLIeHUs (DIyopecleHIny n-TepdeHnIa UCCIeayeMbIMU TperapaTaMu.
KJIIOUEBBIE CJIOBA: xenmar eBpomusi, JIMIIOCOMBI, TymieHHe (iyopecieHnn, Kodh(uuueHTt
pacnpeneneHusl.
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JOCTIIKEHHSA JINTOCOMAJIbBHUX ®OPM HOBUX IMMPOTUITYXJIMHHUX MTPEITAPATIB HA
OCHOBI XEJIATIB €BPOIIIIO METOJIOM I'ACIHHA ®JTYOPECIHEHIIII n-TEP®EHLIA
JLO. JIumanceka', B.M. Tpycosa', I'.IL. op6enxo’,

T. )Ie.ﬂireoprienz, A. Bacur’es’, C. Kanosinoa’, H. Jleces®
! Xapriscoruii nayionanvmuii ynisepcumem iveni B.H. Kapasina, nn. Ceo6oou, 4, Xapxis, 61077
’Kagedpa npuxradnoi opeaniunoi ximii, @axynemem Ximii, Yuisepcumem Coii, Boneapis
Panimie y psini poOiT 0ys10 MOKa3aHo, MO XeJIaTH €BPOIII0 MAIOTh BUPAKCHI IMTOTOKCHYHI BIACTUBOCTI.
JlaHi CIIOTYKU CTaHOBJIATH OCOOJUBHI iHTEpeC s O10METUYHUX JAOCIIHKEHb Ta JIarHOCTHKH, OCKITBKH
iXHI CHEKTpalbHI XapaKTEePUCTHKHA € ONTHMAJIBHHMHU JUIS Bidyawdizamii JOCHTIPKYBaHHX IPOIIECIB.
3acTocyBaHHS TOMIOHMX JIIKAPCHKUX TNpernapariB y BUIbHIA (OpMiI OOMEXKEHO IXHBOIO BHCOKOIO
TOKCHUYHICTIO Ta MeTa0OJIIUYHOI HecTaOUIbHICTIO. Y 3B’SI3KYy 3 LIMM, aKTyallbHOIO CTAa€ pO3pOOKa HOBHX
CHCTEM JIOCTaBKM TakuX mperapaTiB. OIHUM i3 YUCIEHHHUX BHIIB CHCTEM, SIKi JO3BOJISIOTH ITiABHUIINTH
€pEeKTUBHICTh  NPOTUIYXJIMHHUX TIpernapariB, € JINOCOMH. 3acCTOCYBaHHS  JIIOCOMaJbHUX
HAHOIMEPEHOCUUKIB (hapMaKoJIOTriYHUX IMpenapariB Ha ChOTO/IHI € MPEAMETOM 0arathox OiOMEeINYHUX i
0i0i3MYHMX JOCITIDKEHb 3aBASKA HACTYIIHHUM IXHIM mepeBaram: IOBHiH 0i0CYMiCHOCTi, 34aTHOCTI
MEPEeHOCUTH SIK JNo(QiibHI, Tak 1 TiXpodibHI CIONYKH, 3aXHWINAIOYM IX BiJ XiMIiYHOi Herpajiamii Ta
TpaHcdopmarlii, SMEHIIEHHIO TOKCUYHOCTI Ta 301IBIIEHHIO TEPANEBTUYHOIO 1HJEKCY Mpenaparis, TOLIO.
VY naHiii poOoTi BHBYajacs B3aeMois XenaTiB €Bporito (y poOoTi BOHM mNo3HaueHi sk V6 1 V&) 3
minmigHuM  OimmapoM MoAeidbHMX MeMOpaH. byno BusiBiIeHO, IO iHTEHCHBHICTH (ryopecreHmii
JIOKAJII30BaHOTO y MeMOpaHi 30H7a n-Tep@eHiya 3MEeHIIYEThCsl IPU 3pPOCTaHHI KOHIIEHTpallii Mpernaparis.
AHaJi3 OTpUMaHUX pe3yJIbTATiB IOKa3aB, IO (uIyopeciieHiis n-Tepderiyia v GhochaTHIMIXOTIHOBUX
JIOCOMax TacUThCSl XeNaTaMW €BpOMilo. bBynu BU3HA4YeHi KUIBKICHI XapaKTEPUCTHKUA TaciHHS

¢iryopecuieHInii #-TepQeHiiaa JoCIiHKYBaHUMH TperapaTaMH.
KJIFOUYOBI CJIOBA: xenat €Bpoiito, JIIOCOMH, TaciHHs (uryopecueHIlii, KoeillieHT po3noaiTy.

INTRODUCTION

The application of the antitumor drugs in the free form is often limited by undesirable
side effects, such as high cardiotoxicity, negative exposure on the healthy tissues,
accumulation in the organs of reticuloendothelial system, etc. Thus, development of drug
delivery systems represents the hot topic of modern biochemical and biophysical studies.
Existing drug nanocarriers involve formulations based on polymer materials (polymer
conjugates, microspheres and wafers) [1], osmotic pumps, microchips and different lipid-
based carrier systems (lipid microbubbles, microspheres and microtubules, solid lipid
nanoparticles, oily suspensions, lipid implants, submicron lipid emulsions, liposomes) [2].
Among them, liposomes, spherical, closed structures composed of lipid bilayers enclosing an
aqueous compartment, represent the most promising low toxic, biodegradable drug
nanovehicles. Highly adaptable liposome-based nanosystems currently attract increasing
attention, because of their indisputable advantages, viz. complete biodegradability, ability to
carry both hydrophilic and lipophilic payloads and protect them from chemical degradation
and transformation, increased therapeutic index of drug, flexibility in coupling with targeting
and imaging ligands, improved pharmacodynamic profiles compared to free drugs, efc.
Liposome-based formulations of several antineoplastic drugs such as daunorubicin,
amphotericin-B, doxorubicin, lurtotecan, nystatin, annamycin efc. [3] are currently available
on the market. Recently, a novel class of antitumor drugs has been discovered. This class is
represented by europium coordination complexes (EC). EC belong to a wide group of
lanthanide complexes, which are of particular interest for biomedical investigations and
diagnostics. The antineoplastic activity of EC was shown to be determined by their unique
structural properties — they contain 1,10-phenantroline or 2,2’-bipyridine, the DNA-
intercalating motifs, responsible for EC antineoplastic activity. We have shown previously,
that these drugs do not affect significantly lipid bilayer properties [4] accentuating the
possibility of the successful design of EC liposomal formulations. Another prerequisite is
strong lipid-associating ability of the drug which would ensure the high stability of the
complex during the transportation to the target tissue. The present work has been undertaken
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to assess the affinity of EC for the model lipid membrane composed of phosphatidylcholine
(PC). Fluorescence quenching of p-terphenyl has been utilized as an analytical tool.

MATERIALS AND METHODS

Egg yolk phosphatidylcholine was purchased from Biolek (Kharkov, Ukraine).
Fluorescent probe p-terphenyl was from Signe (Latvia). Eu (III) coordination complexes, V6
and V8 (Fig. 1), were synthesized as described previously [5]. Lipid vesicles composed of PC
were prepared using the extrusion technique [6]. Appropriate amounts of lipid stock solution
in ethanol:methanol mixture was evaporated to dryness under vacuum for 1.5 h to remove any
residual solvent. The obtained lipid films were subsequently hydrated with 1.2 ml of 5 mM
Na-phosphate buffer (pH 7.4). Lipid suspension was extruded through a 100 nm pore size
polycarbonate filter (Nucleopore, Pleasanton, CA). Fluorescence measurements were
performed with LS-55 spectrofluorimeter (Perkin Elmer, Great Britain) equipped with
magnetically stirred, thermostated cuvette holder. p-terphenyl excitation and emission
wavelengths were 280 and 358 nm, respectively.

RESULTS AND DISCUSSION
The chemical structure of analyzed europium chelates is presented in Fig. 1.

Fig. 1. Chemical structures of europium chelates.

To explore the interactions between the drugs under study and PC lipid bilayer we used
the fluorescence quenching of membrane probe p-terphenyl (p-TF) (Fig. 2).

Fig. 2. Chemical structure of fluorescent probe p-terphenyl.

p-TF is a highly lipophilic compound, residing in the hydrophobic region of the
membrane. At the first stage of our study the efficiency of p-terphenyl incorporation into PC
bilayer was examined. Partition coefficient was obtained from the probe fluorimetric titration
with liposomes and was found to be ca. (1.5£0.4)x10%. Such value of probe partition
coefficient suggests high p-terphenyl affinity for the lipid phase.

As seen from Fig. 3, increasing concentration of EC resulted in the decrease of
fluorescence of membrane-incorporated p-TF, with the magnitude of this effect being
dependent on lipid concentration. These data indicate that europium chelates V6 and V8
represent the effective quenchers of p-terphenyl fluorescence. The mechanism of the revealed
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quenching is, most probably, spin-orbit coupling and intersystem crossing to the triplet state

[7].
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Fig. 3. Fluorescence spectra of p-terphenyl in suspension of PC liposomes at varying V8 (A, B, C) and V6 (D, E,
F) concentrations.

Fluorescence quenching provides a valuable source of information on the different
properties of biosystems. Quenching studies can be used to reveal the localization of
fluorophores in proteins and membranes, and their permeabilities for quenchers. Both static
and dynamic quenching requires the molecular contact between the fluorophore and quencher.
In the case of collisional quenching, the quencher must diffuse to the fluorophore during the
lifetime of the excited state. Upon the interactions between the probe and the quencher, the
fluorophore returns to the ground state, without the emission of a photon. In static quenching
a complex is formed between the fluorophore and the quencher, and this complex is
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nonfluorescent. Collisional quenching of fluorescence is described by the Stern-Volmer
equation:

%:1+kQTO[Q]’ (1)

where Fj and F are the fluorescence intensities in the absence and presence of a quencher,
respectively; ko is the bimolecular quenching constant; 7, is the lifetime of the fluorophore in
the absence of a quencher, and [Q] is the concentration of a quencher.

To clarify the observed quenching of membrane-bound probe, it is necessary to evaluate
the lipid-water partition coefficient of EC. V6 and V8 are highly hydrophobic complexes,
tending to locate in the nonpolar membrane region. This process results in the increase in
frequency of collisions between the drug and probe molecules. EC molecules tend to
distribute between water and lipid phase. According to a commonly used methodology [6, 7],
partition coefficient is determined as a ratio between quencher concentrations in lipid ([ L])

and water ([ W]) phases:

P:[ L]/[ W]' ()
The concentration of quencher in lipid phase can be determined according to the following
equation:

P[Q]

- . >
Po,+1-a,

[QL] -

where «, =V, /V, is the volume fraction of membrane phase, V7 is the total volume of the

€)

system. Substitution of this expression into the Stern-Volmer equation (eq. (1)) gives the
expression:
£t ok, P [Q]
—=—=l+—"——=14+7k , 4
F z Po,+1-a, oo €] )

where £k, is the bimolecular quenching constant for the membrane-bound fluorophore, which
reflects the efficiency of the quenching or the accessibility of the fluorophore to the quencher;
k,,=k,P/(Pa,+1-a,) is the apparent quenching constant. It should be mentioned, that
this parameter depends on the volume fraction of membrane phase ¢, (and lipid
concentration):

), “
k k kP kP

app m
Taking into account the last expression k, and P can be obtained from the dependence of
k,, on a,.

The obtained Stern-Volmer plots for V6 and V8 are shown in Fig. 4. The linearity of
these plots suggests that p-terphenyl fluorescence quenching results from collisions between

probe and quencher molecules (dynamic quenching) [7].
Approximation of the experimental results by eq. (4) allowed us to determine the

apparent Stern-Volmer constants (kg =7,k,,, ) as a slope of linear curve. The values of kg’
were divided on the p-terphenyl fluorescence lifetime (1 ns, [7]) to calculatek,,, . This
parameter exhibits nearly linear dependence on lipid concentration. The results of £, (a,,)

approximation by eq. (5) are presented in the Table 1.
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Fig. 4. Stern-Volmer plots of p-terphenyl quenching by V6 (A) and V8 (B) in PC liposomes.

Table 1. Parameters of p-terphenyl quenching by europium chelates

Europium chelate | Bimolecular quenching constant, M"'s” | Partition coefficient
V6 (9.99 + 2.49)x10’ (5.55 + 1.39) x10°
V8 (2.44 +0.61)x10" (2.13 + 0.53)x10°

As judged from Table 1, partition coefficients of europium chelates into PC bilayer
appear to be rather high. The values of bimolecular quenching constants and partition
coefficients for V6 and V8 differ because of distinctions in their chemical structures. Since
EC are nonpolar compounds, their embedment into the hydrophobic bilayer region seems to
be the most probable mode of drug-membrane interactions. EC can be efficiently incorporated
into PC liposomes, increasing thereby drug efficiency and stability.

CONCLUSIONS

Fluorescence quenching technique has been used to analyze the interaction between
europium chelates — highly promising potential antineoplastic drugs — and model lipid
membranes. Quantitative characteristics of drugs partitioning into membrane were
determined. It was demonstrated that quenching of p-terphenyl fluorescence by europium
coordination complexes occured according to dynamic mechanism. The obtained results
suggest a possibility of designing liposome-based EC nanocarriers, thereby opening new
perspectives for effective therapy of oncological diseases. To summarize, our results provide
direct evidence for incorporation of europium chelates into nonpolar region of PC model
membranes. The recovered ability of EC to quench p-terphenyl fluorescence creates a basis
for development of the novel drug screening assays.
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