Carbon nanoplatforms

for drug delivery in oncotherapy

Nanomaterials possess unique optical, mag-
netic and electrical properties, which stimulates
their wide research in various fields of science. Of
particular interest is the use of nanomaterials in bio-
medical applications such as molecular imaging, tis-
sue engineering, biosensors and targeted drug
delivery systems. The application of innovative so-
lutions related to targeted drug delivery is very
promising for successful treatment of cancer. The
aim of this project is to design carbon nanocarriers
that can safely and effectively deliver anticancer
agents to diseased tissues.

Cancer is a group of many different diseases in
which some cells grow uncontrollably and spread
to other parts of the body. Cancer is currently one
of the most frequent causes of death in the world.
Commonly used cytostatics cause several toxic side
effects that can be mitigated by using nanocarriers
in cancer treatment. The application of nanoparti-
cles in cancer therapy makes it possible to selec-
tively target the tumor without adversely affecting
the surrounding tissues. What is more, appropriate
manipulations with the size and surface properties
of nanomaterials make it possible to create a system

Fig. 1. Schematic of modification of carbon nanotubes and doxorubicin adsorption.
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Puc. 1. Cxema moanduKaumm yrnepoaHbix HAHOTPYOOK 1 afcopOLmMmM Ha HUX JOKCOPYOULMHa.

YrnepogHbie HaHOM1aTPOPMbl

A4 0OCTaBKUM J1IEeKapCTB

HaHomaTtepuarnbl 06nagatoT yHUKanbHbIMY OF-
TUYECKUMI, MarHUTHBIMU 1 3JIEKTPUYECKMI CBO-
CTBaMU, YTO CTUMYNIMPYET UX LUINPOKOE NCCNefoBa-
HMe B PasfiMYHbIX HAay4HbIX obnactax. OcobeHHO
WNHTEPECHbIM NPeACTaB/IAETCA NCMOoMb30BaHNe Ha-
HOMaTepPWasoB B OMOMEAVNLIMHCKIX MPUNOMKEHMSX,
TaKUX Kak MOJIeKy IApHan BM3yanu3aLuus, TKaHeBas
NH>XeHepursa, BUOCEHCOPDI 1 CUCTEMbI afPECHON A0-
CTaBKW nekapcTs. MNprMeHeHrie NHHOBALMOHHbIX
pelueHuni, cBA3aHHbIX C afpeCcHOM JOCTaBKOW Je-
KapCTB, OYEHb MNEPCMNEKTUBHO /151 YCMELIHOrO fieye-
HUA OHKONOrMYecknx 3abonesaHuii. Llenbio HacTosn-
LWMX NCCNIefOBAHUN ABNAETCA CO3faHue yriepos-
HbIX HAHOHOCUTENEN, KOTopPble MOryT 6e30MacHo U
3 PeKTBHO 10CTABNATb NPOTUBOPAKOBbIE areHTbl
K MOpakeHHbIM TKaHsIM.

[1] Chudoba D., et al., Int. J. Mol. Sci.2020, 21, 8230; DOI

Pak — 370 rpynna pasnunyHbIx 3aboneBaHui,
Npv KOTOPbIX HEKOTOPbIE KNEeTKN 6eCKOHTPOJSIbHO
PaCcTyT 1 PacnpoCTPaHATCA Ha APYrue YacTu Tena.
CerofiHA pak — OAHa M3 CaMblX YacTblX MPUYMH
cmepTr B Mupe. O6bIYHO UCNONb3yeMble LMTOCTa-
TUKM BbI3bIBAOT Psif MOOOUYHBIX TOKCUYECKUX I-
¢$eKTOB, KOTOPbIE MOXHO YMEHbLUUTb, NCMOJIb3YA
TaK Ha3blBaeMble HAHOHOCUTENN NeKapCTB. [Npume-
HeHMe HaHOYaCTNL, B Tepanuu paka no3BosnseT ns-
6vipaTenbHO NonaaaTth B ONyxosb 6e3 HeraTVBHOro
BO3AENCTBUA Ha OKpY»Kalowme TKaHu. bonee Toro,
COOTBETCTBYIOLME MAHMNYNALMM C Pa3MEPOM U
CBOWCTBaMM NOBEPXHOCTUN YaCTUL, MO3BONAIOT CO3-
[aBaTb CUCTEMbI, KOTOPblE MOTYT BbICBOOOXAATb
NeKapCTBO KOHTPONMpyembiM 06pa3om. B pamkax
HaCTOALMX NCCNeAOBAHNIN NCCNeaYTCA Yrnepoa-
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that can release a drug in a controlled way. Within
the framework of the project, carbon nanomaterials
(carbon nanotubes, activated carbon and carbon
fibers) were studied as carriers of the anticancer
drug doxorubicin. These carbon matrices were also
oxidized to optimize the adsorption and release
process compared to pristine carbon nanomaterials.

To describe the properties of nanocarriers, ad-
sorption/desorption mechanisms and interactions
between the anticancer drug and surface of modi-
fied and pristine carbon nanomaterials, experimen-
tal techniques (scanning electron microscopy, trans-
mission electron microscopy, UV-visible spec-
troscopy, Fourier-transform infrared spectroscopy,

Raman spectroscopy, energy-dispersive spectrosco-
py, thermogravimetry, differential scanning calori-
metry, X-rays) and simulation methods (Molecular
dynamics) were used.

Based on the obtained results, it could be con-
cluded that: surface modification increases the ad-
sorption capacity of carbon materials; drug adsorpt-
ion on modified carbon nanomaterials depends on
both the types of adsorbent and adsorbate; the re-
lease process is effective at acidic pH, and at neutral
pH, no release process occurs; the mechanism of ad-
sorption and release processes of the drug from the
hydrophobic surface of carbon nanomaterials can
be determined by using kinetics models.

Fig. 2. SEM images of modified a) carbon nanotubes b) activated carbon
and ¢) carbon fibers with adsorbed doxorubicin.

Puc. 2. V/1306paKeHna co CKaHUPYIOLLEro 3n1eKTPOHHOro M1Kpockona (SEM) moanduumpoBaHHbIX
a) yrnepo/Hblx HAHOTPYOOK 1 6) aKTUBUPOBAHHOTO YA, @ TakXKe C) YrNepPOAHbIX BOIOKOH

C aACOPOUPOBAHHbBIM JOKCOPYBULMHOM.

Hble HaHOMaTepwuanbl (yrnepoaHbie HaHOTPYOKY,
aKTUBMPOBaHHbIN Yrofb U YriepoHble BOTIOKHA) B
KauecTBe HOCMTeNeln NPOTUBOOMYXONEBOro Npena-
paTa JoKCopyouuuH. [Ina onTrMm3anmm npouecca
aacopOLMmM 1 BbICBOOOXKAEHNA NNeKapCTBa YrNepoa-
Hble HOCUTENN OKUCTIAIOTCA.

[na onncaHnAa CBONCTB HAHOHOCUTENEN, MeXa-
HU3MOB agcopbumn/gecopbuunn 1 B3aMMoaencTBus
MeXJy MPOTMBOOMYXONEBbIM MpPenapaTtoMm u no-
BEPXHOCTbIO HaYanbHbIX 1 MOANGULIMPOBAHHDBIX YT-
NepOAHbIX HAHOYACTUL, UCMONb30BANINCh Pa3nY-
Hble 3KCMepUMeHTasibHble MeToAbl (CKaHUpYoLas
3NEeKTPOHHAA MUKPOCKOMUSA, NpPOCBeYMBatoLLan
3NeKTPOHHaA Mukpockonus, YD-suanmas cnekTpo-
ckonuA, MHdpPaKpacHas CNEKTPOCKONKA C Npeobpa-
3oBaHvem Qypbe, CNEKTPOCKONUA KOMOMHALIMOH-
HOro pacceaHWA CBeTa, dHepProancnepcuUoHHas

CnekTpocKonus, TepmorpasmumeTpus, auddepeH-
LUManbHasa CKaHUPYOLLAA KanopUMeTPUs, peHTre-
HOBCKOE paccesAHue) 1 MeToAbl MOAENPOBAHNA
(MonekynapHas AuHamuKa).

Ha ocHOBaHWY NoslyyeHHbIX pe3ynbTaToB Mo-
KaszaHo, uto: moandrKaLmua NoBEPXHOCTU nNocpes-
CTBOM OKCMUAAUUKM YBENMUNBAET afCOPOLMOHHYIO
CMOCOBHOCTb YINEPOAHbIX MaTepManos; agcopoums
neKapcTBa Ha MOAUPULMNPOBAHHbBIX YIIePOLHbIX
HaHoMaTepranax 3aB1CKT Kak OT T!na afcopbeHTa,
TaK 1 OT afcopbumpytoLLero areHTa; NpoLecc BbICBO-
60xaeHUs 3ddeKTMBEH B KUC/bIX Cpedax, B TO
BpeMsA KaK B HEMTpanbHOW cpefe OH nodaBsaeTca.
MexaHu13m npoueccoB aacopoLum 1 BbICBOOOXKe-
HMA NeKapcTaa ¢ rmgpopoOHOM MOBEPXHOCTU yrrie-
POAHbIX HAHOYACTUL, MOXKHO ONpPefenuTb C MOMO-
LLbI0 KUHETNYECKNX MOAENEN.






