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The present study is focused on development ostipwl delivery systems for two newly synthesizegigdrwith
high anticancer activity — Eu(lll) coordination cplexes, referred to as V3 and V4. These pharmaimabg
preparations belong to a new class of antineoplaktigs, whose high cytotoxic potential has beemafestrated
very recently. Liposomes composed of phosphatidyich (PC) were chosen as effective nanocarrierstdukeir
undisputable advantages such as enhanced druglisplubduced toxicity, improved stability, etch@& results of
preformulation studies are presented, describingadsorption spectroscopy-based evaluation of tigeegeof drug
loading into liposomes which strongly determine® ttinerapeutic and toxic effects of the pharmacockgi
compounds. Drug association with the lipid bilayes followed by the absorbance increase with maxirposition
being independent on lipid concentration. Zwittaitonature of PC and relatively high hydrophobioify the
pharmaceuticals allowed us to conclude that dmig-libinding is governed preferentially by hydroplwb

interactions. Higher efficiency of encapsulatiotpithe lipid bilayers was found for V3(, = 1.4><105) compared

to V4 (K, = 6.7><103). This effect was interpreted in terms of V3 iifiice on bilayer molecular organization giving
rise to facilitated partitioning of this drug intioe vesicle interior.

KEY WORDS: partition coefficient, Eu(lll) coordination compdes, drug-lipid interactions

Within the last decade biomedical research has beweviutionized by high-throughput development of a
diversity of multifunctional nanostructures inclaodi nanoparticles, nanotubes, quantum dots, migelles
liposomes, dendrimers and many other nanoassenmiliegding unique opportunities for diagnosis, treant
and prevention of a number of severe diseases. gntoese liposomes offer a vast number of advantages
including, particularly, biocompatibility, completdiodegradability, non-toxicity, ability to carry oth
hydrophilic and lipophilic payloads and protectrth&rom chemical degradation and transformationreased
therapeutic index of drug, flexibility in couplingith targeting and imaging ligands, improved phazokdnetic
and pharmacodynamic profiles compared to free dnegtuced side effects, etc. [1,2] Liposome-incoajed
pharmaceuticals are protected from the inactivaéifigct of external conditions, yet do not causdesirable
side reactions. Liposomes provide a unique oppiytio deliver pharmaceuticals into cells or eveside
individual cellular compartments. Size, charge sudace properties of liposomes can be easily athsgnply
by adding new ingredients to the lipid mixture befdiposome preparation or by variation of pregdarat
techniques. Another important feature is that ligesicles can entrap both hydrophilic and hydropdhob
pharmaceutical agents [3,4]. While their lipidi¢alyer help solubilizing hydrophobic compounds, theiernal
aqueous center provides a way of encapsulatingopyilic drugs. Particular attention is currentlyey to the
development of liposomal formulations of new classtantineoplastic drugs with alternative modebtoxic
action and nonoverlapping mechanisms of drug @&t One of such classes is represented by ladéhan
coordination complexes whose high cytotoxic potdritas been demonstrated very recently [5]. Thepeaitic
and toxic effects of particular drug are stronggtetmined by the degree or efficiency of its logdinto the
liposomes. An important parameter for biologicativaty of vesicle-entrapped pharmacological agestsheir
partition coefficients into the lipid phase. Lipdiatity of chemical compounds is very often desedbas
partition coefficient in the octanol/water systeBut the octanol-water partition model does not adésly
reflect the drug behavior in the living systemseTiternative use of liposomes has become morespidad.
Also, liposomes contain the main ingredients foumdall biological membranes [3]. The present stusly
directed towards the evaluation of lipid-bindingiliap of two newly synthesized coordination compdaxof
Eu(lll), referred to as V3 and V4. Since V3 and e hydrophobic compounds, zwitterionic lipid
phosphatidylcholine (PC) was chosen for preparaifdipid vesicles.

MATERIALSAND METHODS
Egg yolk phosphatidylcholine was purchased froméigKharkov, Ukraine). Lipid vesicles composed of
PC were formed using extrusion technique [6]. Ttie lipid film was obtained by evaporation of ligicethanol
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solutions and then hydrated with 1.2 ml of 5 mM Na-
phosphate buffer (pH 7.4). Lipid suspension wasuebetd
through a 100 nm pore size polycarbonate filter.
Phospholipid concentration was determined according
the procedure of Bartlett [7]. Absorption measuretae
were conducted using SF-46 spectrophotometer agains
solvent blanks. V3 and V4 (Fig. 1) were synthesiasd
described previously [5].

Fig. 1. Structure of lanthanide complexes.

RESULTSAND DISCUSSION

As seen in Fig. 1, V3 and V4 are asymmetric Eu@bprdination complexes with diverse O-containing
chelate ligands which, apparently, serve at leastrhain functions — bind tightly Eu(lll), providingpe rigidity
of the whole-molecule structure, and shield laniti@imn from quenching and destabilizing effectsvater. V3
and V4 also contain organic chromophores which r@sponsible for absorbing the excitation light and
transferring the energy to the lanthanide. Fige@resents typical absorption spectra of Eu complexaler
study in the absence and presence of lipid vesi@espite the fact that these compounds suffer flom
extinction coefficients, they are characterizedbbgad absorbance spectrum in the range 240-320 itimthe
peak at 266 nm. Association of V3 and V4 with moaelmbranes is followed by the marked increase ug dr
absorbance while absorption maximum was found toviltelally independent on lipid concentration. The
enhancement of drug absorption in liposomal susperean be rationalized in terms the two main fext@)
drug transfer to the lipid environment of reducetapity, (ii) immobilization of lanthanide complegeavithin the
lipid matrix. Zwitterionic nature of PC moleculeschrelatively high hydrophobicity of V3 and V4 aled us to
assume that drug-lipid association is controllednigaby hydrophobic interactions. Particular attentshould
be given to the question of drug location withia tiposomes. As can be judged from the drugs’ &ires, CH-
groups (in the case of V3) and £Rnd sulfur-containing groups (in the case of Y&bide, apparently, in the
polar region of bilayer or at polar/nonpolar ingaré acting as anchors while hydrophobic ring systmteract
presumably with acyl tails of lipid molecules.
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Fig.2. V3 (A) and V4 (B) absorption spectra in PCdelonembranes. Drug concentration wag¥D

Drug partition coefficient into the lipid phasedsfined as [8]:
« = (Cn/C ) Jlipid] "
P (Cu/C) [wter]
where C; is the drug molar concentration, the subscripenohw stand for lipid and aqueous medigid] and
[water]represent lipid and water molar concentrationspeetvely. The relationship betweeK, and
absorbance increase upon formation of drug-lipithgexes can be written as:
_ Keclipid]

- [Water]+ Kp[lipid]

where e =&,—-&, [9], &, and &, are the drug extinction coefficients in the lipoidayer and water,

respectively. To derive the partition coefficies the lanthanide complexes, the experimental depecies
presented in Fig. 3 were approximated by Eq. (2).
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The K, values for V3 and V4 were found to t& 1.4x10 and 6.7x18 respectively, suggesting higher affinity

of V3 for the neutral bilayers. It is tempting tappose that different lipophilicity of the examinedugs
originates from the peculiarities in their struetsirit should be noted that chemical nature oktiteapped drug
strongly affects its partitioning into the membrdi@]. The more pronounced lipid-associating apibf V3
can, in principle, be attributed to higher percgataf nonpolar Ckigroups.

0.304 %
0.254 : 1
i

0.204 Fig. 3. The isotherms of V3 and V4 binding to PC
8 015 : model membranes. Solid lines represent theoretical
B = V3 curves providing the best fit to the experimentaid

0.104 e V4 Drug concentration was 4M for both compounds.

0.054

0.00- T T T T T

0.0 0.2 0.4 0.6 0.8 1.0

Lipid concentration, mM

However, it cannot be excluded that V3 and V4 @pable of affecting the molecular architecture of
PC bilayer. Particularly, specific interactions lahthanide molecular groups with the lipid headgsoumay
modify the hydrogen bonding within the bilayer atebtabilize it. This, in turn, would weaken thedipacking,
increase the free volume and facilitate the druditpming into the vesicles. These consideratigagnt to
scenario in which lanthanide molecules pertpeb se lipid bilayer promoting thereby self-partitionirig the
liposome interior as it was observed by Custaalial. for 4-hydroxytamoxifen [10]. However, to confirrhet
validity of the above suggestions, further studigected towards the examination &f, dependence on drug

concentration are required.

CONCLUSIONS
Overall, the present study strongly suggests teatlyn synthesized anticancer drugs V3 and V4 can be
efficiently entrapped by the lipid phase of PC ukes, thereby paving the way for the developmenthefr
liposomal formulations. Determination of drug poth coefficients revealed that chemical structofethe
compounds is crucial for their incorporation infeid matrix. The observed differences betwep values of

V3 and V4 are explained by different abilities loé$e drugs to alter molecular organization of ligldyer.
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