Biological activity of fullerenes

and anticancer therapies

A comprehensive study of water-soluble forms
of fullerenes using wide characterization, including
neutron scattering methods, opens up prospects
for using the biological activity of fullerenes in a
number of therapies of oncological diseases. Fuller-
enes, along with soot, graphite and diamond, are an
allotropic form of carbon combining high-molecu-
lar stable compounds C60, C70, etc. At present, the
formation of specific complexes of fullerenes with
solvent molecules in solutions is being actively
studied. Along with the fundamental interest in this
issue, an important role is played by the practical
aspect associated with the use of the biological ac-

tivity of fullerenes. Thus, fullerenes are the most
powerful antioxidants known today. A natural re-
quirement for the use of fullerenes in biology and
medicine is to obtain their water-soluble forms. In
this regard, important areas of research are related
to the mechanisms of cluster stabilization in fuller-
ene solutions and the synthesis of aqueous fullerene
solutions with the possiblity to control the cluster
size. The medical and biological properties of aque-
ous solutions of fullerenes strongly depend on the
synthesis technique used, the choice of the primary
solvent, the size of the aggregates, the electroki-
netic potential on their surface, etc. Thus, fullerene

Fig. 1. Structure of biologically active solutions of C60 and C70 fullerenes according to the data of atomic force
microscopy and small-angle neutron scattering.

Puc. 1. CrpykTypa 6uonornyecku akTreHbIx pactsopos ¢ynnepeHos C60 1 C70 no gaHHbIM aTOMHO-CUSIOBOM
MUKPOCKOMNNW 1 ManoyrioBOro pacceaHnA HENTPOHOB.

B1OaKTMBHOCTb hyiiepeHoB
N NPOTMUBOONYXOJsieBble Tepanum

KomnnekcHoe nsyyeHne BOJOPACTBOPMMbIX
bopm dynnepeHOB C NPMMEHEHNEM LLNPOKOW Xa-
pakTepusaLmu, BKIoYaloLwe MeToabl pacceaHnn
HeNTPOHOB, OTKPbIBaET MepPCrneKTNBbI UCMONb30Ba-
HUA GUONOrMYeCcKon akTUBHOCTM GynnepeHoB B
pAfe Tepanuii OHKoNIorMyeckmx sabonesaxHui. Qyn-
nepeHbl, HapAdy C caxen, rpadMToM 1 anmasom,
npefcTaBnaloT cobon annoTponHyo Gopmy yrie-
pofa 1 o6beAnHAT B cebe BbICOKOMOJIEKYNAPHbIE
yctonumeble coeguHeHna C60, C70 n 1.4. B HacTosA-
Lee BPeEMA aKTMBHO M3y4yaeTca obpa3oBaHue cne-
undryecKnx KoMmniekcos GpynnepeHoB C Mosiekyna-
MW pacTBOpUTENEl B pactBopax. Hapagy ¢ dyHaa-
MEHTaJIbHbIM MHTEPECOM K fLlAHHOMY BOMPOCY BaX-
HYI0 POJIb MFPaeT U NPaKTUUYECKNA acneKT, CBA3aH-

HbIl C UCMONb30BaHNEM BMONONMYECKON akTUBHOCTM
dynnepeHos. Tak, dynnepeHbl ABNAOTCA MOLLHEN-
IWMMWN AHTUOKCUAAHTAMMW, U3BECTHbIMW Ha Cero-
AHAWHUNA geHb. EcTecTBeHHbIM TpeboBaHVem And
npumeHeHus dynnepeHoB B OMONOrMM 1 MeguumHe
ABNAETCA MONyYeHre NX BOAOPACTBOPUMbIX GOPM.
B 3TOW CBA3M BaXXHbIMW HamnpaBneHNAMM UCCTIeA0-
BaHWI ABNAIOTCA MEXaHW3Mbl CTabUIM3auun Kna-
CTepoB B pacTBOpax GynnepeHoB 1 CUHTE3 BOAHbIX
pacTBOpOB PynnepeHoB C BO3MOXHOCTbIO perynu-
pOBaHMA pa3mepoB KnactepoB. Megnko-6monoru-
yeckue CBONCTBa BOAHbIX PaCcTBOPOB ysiepeHoB
B 3HAUMTESIbHOW CTEMEHM 3aBUCAT OT UCMNOJb3ye-
MOV METOANKM CUHTE3a, Bbibopa NepBUYHOrO pac-
TBOPUTENSA, PAa3MEPOB arperaToBs, 3/IEKTPOKNHETU-
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solutions in N-methyl-2-pyrrolidone (NMP) are pro-
mising systems for obtaining clusters of fullerenes
with specified sizes in aqueous media, since NMP is
miscible with water.

Researchers at FLNP JINR in cooperation with
the Taras Shevchenko National University of Kyiv
(Ukraine) are actively working on the study of the
mechanism of interaction of fullerenes with polar
NMP molecules and the use of the resulting com-
plexes in the development of the synthesis of aque-
ous solutions of fullerenes for medical and bio-
logical purposes. Along with extensive structural di-
agnostics, the cytotoxicity of new solutions and
their interaction with various drugs, including those
used in the therapy of oncological diseases (doxoru-
bicin, cisplatin, landomycin A), are studied. The re-

sults of the structural analysis of fullerene solutions
in systems of different polarities are to be used in
the future to improve the synthesis of experimental
samples of practical aqueous solutions of fullerenes
and in the corresponding biological tests. For struc-
tural characterization of solutions, the approach
combining various methods is applied. It includes
small-angle neutron and X-ray scattering, mass
spectrometry, dynamic light scattering, atomic force
microscopy, nuclear magnetic resonance, ultravio-
let and optical spectroscopy, etc. Experimental neu-
tron data used in these works were obtained at the
YuMO small-angle instrument (IBR-2, FLNP, JINR); X-
ray data were collected at the P12 BioSAXS station
(PETRA IIl, EMBL/DESY, Hamburg, Germany).

Fig. 2. Calculated electron densities for possible complexes of C70 fullerene and anticancer berberine-based drug.

Puc. 2. PacuyeTHble 31€KTPOHHbIE MAOTHOCTM NPU BO3MOXXHOM KOMMJIeKcoobpa3soBaHuy dynnepeHa C70
1 NPOTUBOPAKOBOIO Npenapata Ha OCHoBe 6epbepuHa.

YeCcKoro NoTeHLMana Ha nx NoBepxHocTn n ap. MNep-
CNEeKTUBHbIMY CMCTEMaMU A7A MONyYeHNa KnacTe-
poB dynnepeHoOB C 3afaHHbIMK pa3mMepamin B BOA-
HbIX Cpefax ABNAITCA pacTBOPbI dynnepeHoB B N-
meTun-2-nupponupoHe (NMP), Tak kak NMP cmewn-
BaeTCA C BOAOWN.

B JIH® ONAN B coTpypHmyecTBe C KneBCcKknm
HaLUVOHabHbIM YHUBEpPCMTETOM UM. Tapaca Les-
YeHKo (YKpaunHa) akTMBHO BefyTcA paboTbl MO 13-
YUEHMIO MexaHr3Ma B3anMoAencTema GynnepeHoB
¢ nonApHbIMy Monekynamv NMP n ncnonb3osaHuio
pe3ynbTUpyoLLero KOMmnaekcoobpa3oBaHmaA B pas-
BUTWM CUHTE3a BOJHbIX PaCcTBOPOB dynnepeHoB Me-
OnKo-6ronornyeckoro HazHauyeHua. Hapaay c 06-
LUINPHON CTPYKTYPHOW ANArHOCTMKOM NCCneayeTca
LIMTOTOKCMYHOCTb HOBbIX PaCTBOPOB 1 UX B3aUMO-
[eliCcTBMe C pa3fIMYyHbIMU NpenapaTamu, B TOM Yncne
NPUMeHAEMbIX B Tepanmnax OHKONIOrMyeckmx 3abo-
neBaHU (LOKCOPYOULIVIH, LUCNNATWH, NaHAOMULUH

A). Pe3ynbtaTbl CTPYKTYPHOrO aHann3a pacTBopoB
bynnepeHoB B cMCTEMAX Pa3HOWM NOSIAPHOCTUA UC-
NoNb3yTCA B falibHeNIemM Ana ynyyleHna CuH-
Te3a ONbITHbIX 00Pa3LOB NPaKTUYECKNX BOAHbIX
pacTBopoB dynniepeHoB 1 B COOTBETCTBYHOLLNX 61O-
NIOTNYeCKUX TeCTUPOBaHUAX. JnA CTPYKTYpPHOM Xa-
pakTepu3aLuumn pacTBOPOB MCMOSb3YeTCA KOMMNEKC-
HbIl NOAXO0ZA C NCMOSIb30BaHUEM PA3/INYHbIX METO-
[OB: MasioyrnoBoe paccesHne HEMTPOHOB U PEHT-
reHOBCKMX NlyyYeit, MacC-CNeKTPOMeTpuA, AnHaMmye-
CKOe cBeTopaccesaHne, aTOMHO-CMI0Bas MUKPOCKO-
NuA, AQEPHbIN MarHUTHBIA Pe30HaHC, CNEeKTPOCKO-
nua ynbTpadunoneToBoro U ONTNUYECKOro Amnanaso-
HOB, 1 Ap. DKCeprMeHTasbHble HENTPOHHbIE AaH-
Hble, CNoJib3yeMble B 3TUX paboTax, NosyyeHbl Ha
manoyrnosol yctaHoske OMO (BP-2 JTH® OUNAN);
PEHTreHOBCKMe AaHHble NoflyYeHbl Ha CTaHumu P12
BioSAXS (PETRA Ill, EMBL/DESY, lambypr, lepmanus).
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