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[na nHkancynauum B MMNOCOMbI JlIeKapCTBEHHOrO npenapara Ans siedeHnsa TpuxKAbl HeraTMBHOIro paka MoJsouy-
HOM >enesbl, npeacrtaenarowWero coboit KOOpAWHaUMOHHOEe coeauHeHne Meau, 6bina paapa60TaHa MeToAuKa
3arpysku. lNonyyeHHasa MnocoMarsnibHas CycrneHsusa cTabunbHa B TeYyeHue ABYX HeAellb, 3arpyska KomMnnekca
noatTeBepXpaeTca CI'IeKTpod)OTOMETpI/I‘-IeCKM N KONUMYEeCTBEHHO OLEeHNBaeTCA ¢ NoMoLLbio BAXKX.

KntoueBble cnosa: /iMNoCcOMbl, KOOPAMHALNOHHOE CoeMHEHNE MeaN, TpOl7IHOI‘/'1 HeraTMBHbIN pakK MOJIOYHOM XXe-
nes3bl, 4OCTaBKa /1eKapCcTB

MepaTnoH — 3To MPOTMBOONYXONEBbIV Npenapat, NPeACTaBsAoLWMA CO60M KOOPANHALMOHHOE COeMHEHNE
Meaun Ha OCHOoBe 2-ankuntuonmmpasona. o pesynbrataM AOKAUHUYECKUX UCMbITAHWUMA nNpenapaTt peKoMeHAo-
BaH A5 NIeYeHUsa TP bl HEraTUBHbIX OMNYXOsiei MONTOYHOM enesbl. OfHaKo CyLLEeCTBEHHbIM OrpaHuYyeHnemM
NpMMeHeHNs KOMMJeKca Ha NpakTuke ABnsieTca ero ruapo@o6bHOCTb W, Kak CrieAcTBMEe, HU3KUI YPOBEHb 6UO-
JocTtynHocTu. OAHMM U3 CNOCO6OB YNyyLLEHUsI MapaMeTPOB PacTBOPMMOCTU U BUOAOCTYNHOCTU rMAPOPOOHbIX
aKTUBHbIX MOJIEKYN ABAAETCA UX BK/IOYEHME B “HaHOKOHTeHepbl” Ana AoCTaBKuU fekapcTB. Hanbonee nay4eH-
HOW 1 UCNOJIb3yeMOW CUCTEMON ANA [OCTaBKM BMONOrMYeCcKn aKTUBHbIX BELLECTB SIBASIOTCA IMNOCOMbI. [Mapo-
($hO6HOCTb MeAHOro KOMMJIeKca He MO3BOMISAET UCMOb30BaTh A1 €ro 3arpy3ku B JIMMOCOMbI MPUBbIYHbIE AJ1S
rmapoduIbHbIX BELLECTB CNOCO6bI, MOTOMY Liefib AaHHOW PaboTbl — MOMCK ONTUMAaNbHOrO MeTOAa MHKanCcynsiumm
KOOPANHALMOHHOIO COeAMHEHUA MeAU B JIMNOCOMBbI.

B nutepaTtype onucaHa TexHonorma MeTannekc, No3BonsoLWwas OCyLWeCcTBASATb CUHTES OPraHUYeCKUX KOM-
NAeKcoB C MeAbto BHYTpu nunocoM. OCHOBHasa uges nNoaxoga 3akitodaetcs B GOpMMPOBaHMU KOMMeKca B
rngpodunbHON 06acT IMMOCOM: NMOPOLLOK OPraHMYecKoro nnraHaa aobaenseTca K npegBapuTenlbHO NPUro-
TOBJIEHHOW CYCMEH3MUN SIMNOCOM C MeHON COJIbI0 BHYTPU, 3aTEM JIMraH NPOHUKAaET Yepes MNUAHbIA 6UCnon n
HauMHaeTcs npouecc KoMmnaekcoobpasoBaHUA. TeXHOIOrMA MMeeT JOCTaTOYHO NOAPO6HOEe oNncaHue B NuTepa-
Type, NOTOMY e€ BOCMpon3BefeHWe 6bIsio onpeAeneHo NPUOpUTETHON 3agaden.

[ns BocnponsBefeHns TEXHOIOMMM 6bIsiM NPUroTOBIEHBI IMNOCOMbI U3 gunanbMutonndocdaTnanaxonmHa
(DPPC), xonectepuHa (Chol) n Nar-aucteapoundochoasraHonammua (DSPE-PEG(2000)) coctaBa DPPC:Chol:DSPE-
PEG(2000) 55:40:5. lunocombl nosiy4yannm METOAOM ruapatauuu TMNMAHON NJIEHKU PacTBOPOM Xnopuaa Meau,
3aTeM MOoJyYEeHHYIO CYCMEH3MIO AKCTPYAUpPOBanu Ao nosayyeHns yactuy paamepoM 110 HM. 3bdekTUBHOCTD 3a-
rpysku coctasuna 0,1 ans Mmegu 1 0,05 gna nuraHga (MosibHOe OTHOLWEeHME Mey U NnraHia K niunuaam). OgHako
HaMK 6blNN BbISIBMIEHbI CYLLLECTBEHHbIE HELOCTATKN TEXHONOMMM, TaKMe Kak 60sblune NoTepu nnraHia u Meam
B MpoLecce 3arpy3ku 1 C/I0XKHOCTb OYUCTKM MTOrOBOM CYCMEH3MMN OT HesarpysmBLUMXCS BelecTB. Mbl onTUMK-
3upoBanu TexHonoruo Metansekc ansi [OMONHUTENIbHOM OYNUCTKM CYCMeH3UW, TeEM He MeHee, NCMOoNb30BaHne
TEXHONIOTMK AN MHKancynsaummn MegaTvoHa ocTaeTcsi HEONTUMASIbHbIM.

Ham yganocb ycnewHo NpyuMeHnTb s 3arpy3ku KOMMAeKca asbTepHaTUBHYKO METOAMKY, OCHOBaHHYIO Ha
MeTofe 3TaHONbHON MHbeKuun. MeToauka peanusyeTcs NyTeM NPUroToB/IEHWSA PacTBOPOB iUraHAa B aLeToHM-
TpWne U NUNUAOB B METaHOJIe, 3aTEM UX COBMECTHOM MHbEKLUK NPpU BbICTPOM NepeMelumBaHum B 300 MM pac-
TBOp CuCl,, HarpeTbii fo 75°C. U3 nonyyeHHoit ogHO}a3HOM CUCTEMbI OPraHMyecKe PacTBOPUTENN OTTOHANUCH
npu Temnepatype 45°C, npu 3TOM B BOAHOM pacTBOpe Npoucxoaunio GopMupoBaHue AMNoCcCoM C KOMMIEKCOM
BHYTPM, 3aTEM CYCMEH3UIO SKCTPYAMPOBASN N OUYULLANK OT HesarpysusLlencs Meaun. laHHbI noaxod No3Boaus
HaM MONy4YnTb CYCNEH3UI0, CTabWUIbHYHO A0 ABYX Hefesb, @ TaKXe CYLLeCTBEHHO YMEHbLUMTb Pacxod NvraHaa B
npouecce nosyyeHus obpasua. [MpucyTcTBUE KOMMIIEKCA B IMNMOCOMAxX MOXHO ONpeAennTb C MOMOLLbIO CeKTpa
NOrnoLWeHUs, KONIMYECTBEHHOE onpeAeneHune iMraHfa MoXKHO OCyLLeCcTBUTb ¢ nomoLlbio BAXKX. MNpepgnonaraet-
€A, YTO AaHHasA MeToAMKa siBNsieTCA 60nee NoaxoasLLen Ans 3arpysku MegatvnoHa, yeM TexHonoruss Metannekc,
MOCKOJIbKY OHa MO3BOJISIET CYLECTBEHHO YBEIMUNTb CTAabUIbHOCTb CYyCMEeH3NW, YTO NPUHLMUAMANbHO BaXHO AN
NpUMeHeHNss AaHHON CUCTEMbI NPU BHYTPUBEHHOM BBEAEHUN.
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ENCAPSULATION OF ANTITUMOR COPPER COMPLEX INTO LIPOSOMES
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To encapsulate a new copper coordination compound drug for triple-negative breast cancer treatment we have
developed a new approach. The obtained liposomal suspension is stable up to 2 weeks; successful complex
loading is confirmed spectrophotometrically and can be quantified by HPLC.
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Medation is an antitumor drug classified as a copper complex compound of organic ligands containing
2-alkylthioimidasol. According to the results of pre-clinical trials, the drug is recommended for Triple-Negative
Breast Cancer treatment. Nevertheless, a significant limitation for in vivo use of this complex is its hydrophobic
properties and, as a result, a low level of bioavailability. One of the ways to increase bioavailability of hydrophobic
substances is their encapsulation into drug delivery systems. Liposomes are the most studied and well-described
systems for biological substances delivery. Hydrophobic properties of our coordination compound do not allow us
to use typical ways of encapsulation. Thus, the main aim of our work is to investigate for an optimal method for
encapsulation of copper coordination compound into liposomes.

Previous studies have reported the technology called Metaplex, which allows to provide metal complex
synthesis inside liposomes. The key idea of this approach is to form the complex inside a hydrophilic volume of
a liposome, the ligand powder is added to the previously prepared liposome suspension loaded with copper salt
and then the process of loading of an organic ligand through the bilayer and complex formation start. Due to the
detailed technology description, we have identified its’ reproducibility as a priority.

For Metaplex approach reproducibility liposomes were prepared from dipalmitoylphosphatidylcholine (DPPC),
cholesterol (Chol) and PEG-distearoylphosphoethanolamine (DSPE-PEG(2000)) in the ratio DPPC:Cholesterol:DSPE-
PEG (2000) 55:40:5. Liposomes were prepared by thin film rehydration with 300 mM CuCl, solution and then were
extruded through polycarbonate membrane until the final particle size of 110 nm. The loading efficiency for copper
was 0.1 (molar ratio of copper to lipids) and 0.05 for ligand (molar ratio of ligand to lipids). However, significant
Metaplex approach disadvantages were identified, such as a large loss of copper and ligand during encapsulation,
which is accompanied by a complicated purification process of the final suspension. We have optimized Metaplex
technology for an effective purification; nevertheless, Metaplex application for Medation encapsulation remains
not optimal.

We have succeeded in applying an alternative technique based on ethanol injection method for complex
encapsulation. This technique involves preparation of solutions of the ligand in acetonitrile and lipids in methanol,
then their mixing and injection into 300 mM CuCl, solution heated up to 75°C with vigorous stirring. From the
resulting single-phase system organic solvents were distilled at a temperature of 45°C to form liposomes
containing the complex inside, then the suspension was extruded and purified from unencapsulated copper. This
approach allowed us to obtain a suspension, which was stable up to 2 weeks, and to reduce the ligand consumption
significantly. The presence of complex in liposomes has been proven by absorption spectra, quantitative analysis of
ligand can be performed by HPLC. We consider this new technique to be more promising for Medation encapsulation
than Metaplex approach as it has already shown an increase of stability time, which is of great importance for
intravenous injections.

This work was supported by RFBR grants 17-54-33027, 18-29-09154 and RSF 19-74-10059, State Topic AAA-
A-A16-116052010081-5, MSU Program of Development

International Forum Biotechnology: state of the art and perspectives 28 - 30 October, 2020 | Moscow 191



