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SHORT COMMUNICATIONS

Aim: To study the ability of fullerenes C,, to catalise the reactions of generation of reactive oxygen species (ROS)
in water solution after photoexcitation and to affect the vitality of tumor cells in vitro. Methods: The number and
vitality of cultured Ehrlich carcinoma cells or rat thymocytes were determined using tripane blue, ROS levels were
registered using the methods of electron paramagnetic resonance (EPR) spectroscopy and spin traps, photoirradi-
ation of water solution of fullerenes C , with visible light was carried out using mercury lamp. Results: Irradiation
of water solution of fullerenes C,, (10 M) was accompanied with generation of ROS with the rate of 10 nMol/ml/
min. After addition of irradiated C,, solution to suspension of thymocytes or ascite cells, the decrease of the
number of vital cells by 67 and 58%, respectively, has been registered. Conclusion: Photoirradiated water solutions
of fullerenes C, may be potentially useful for photodynamic therapy of tumors as ROS catalytic system.
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Taking into account that malignant tumors possess
increased sensitivity to oxidative stress that is linked
with the changes in generation of reactive oxygen spe—
cies (ROS) one may propose the use of molecules of
fullerenes Cq, as regulators of these processes.

Fullerenes belong to new allotropic form of carbon
that possesses unique physicochemical properties. They
have a number of advantages compared to other known
biologically active compounds, i.e.: 1) those inert com-
pounds have no toxic effects and may bind to biological
molecules; 2) they reveal biological activity upon con—
centrations that are by few orders lower than those of
natural antioxidants; 3) they may be easily extracted from
water solutions and may be used multiply [1-2].
Fullerenes and their derivatives act as effective absor—
bents of active oxygen—containing radicals whose gene—
ration increase upon development of pathological state.
From other hand, as a result of photoexcitation the abili—
ty of fullerenes to catalyse the production of singlet oxy—
gen, play a role of prooxidants and destructors of bio—
logical molecules, in particular nucleic acids, become
apparent [2—6]. The abovementioned data point to the
possibility of application of fullerenes as new pharma-—
cological compounds for the development of selective
photodynamic therapy of tumors.

In this work photoexcited water solutions of fulle—
renes Cg, are proposed to be used for increase of the
levels of ROS and controlling the rate of tumor cell
growth.
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The samples of water solutions of fullerenes Cg, were
prepared in Chemical Laboratory of lmenau Technical
University (Ilmenau, Germany) by transfer of fullerenes
Ce from organic solvent (for example, toluene) to the
water with the next ultrasound dispersion of the mole-
cules in the solution. For that purpose, fullerenes Cg, of
purity > 99.5% were used. That method allowed to re—
ceive maximal concentration of solution of fullerene Cs,
(5 - 10* M): the final dark—-brown water solution of
fullerenes Cq, possesses properties of molecular—col-
loid system stable for 12—18 months if stored at the tem-—
perature 4—40 °C without stabilizators.

In the work, Wistar rats weighing 120-150 g and
nonbred mice weighing 20 g received from the vivari—
um of R.E. Kavetsky Institute of Experimental Patholo-
gy, Oncology and Radiobiology, NAS of Ukraine (Kyiv,
Ukraine) were used. Animals received standard feed—
ing. All animals procedures were carried out according
to the rules of local Ethic Committee.

Ascite cells were isolated from mice at days 8—-12
after intraperitoneal transplantation of Ehrlich’s carci-
noma. Rat thymocytes were obtained by passaging
thymus from 4 layers of neulone. Then cells were
washed by 10 min centrifugation at 600 g in the buffer
(3 MM Na,HPO,, 5 mM KCI, 120 mM NaCl, 10 mM
glucose, 10 MM HEPES, pH 7.4, 4 MM NaHCO,, 1 mM
CaCl,, 1 mM MgCl,) and resuspended in the same
buffer. The number of cells was calculated in Goryaev’s
chamber using tripane blue.

To register ROS, EPR and spin traps techniques
were applied [7]. Spin harboring compound 1-hydroxy-
2,2,6,6—tetramethyl-4—oxypiperedine at the concen—
tration of 2 - 10*M possessing high affinity to singlet
oxygene and superoxide radical-anion binds them and
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turns into nitroxyl radical that has been registered by
EPR at the room temperature. Its EPR spectrum is pre—
sented by a triplet with the characteristics as follows:
g=2.005, Ay=16 G, AH,,=0.4 G.

Irradiation of the water solution of fullerenes Cq, (5 -
10-* M) was carried out in glass tube using mercury
lamp with a power of 24 W for 2 min. Inmediately after
irradiation, the irradiated solution of fullerenes C4, was
mixed with cell suspension (3 - 10° cells/ml) in a spe-
cial quartz cuvette with the volume of 200 pl, and EPR
spectrum has been registered.

Quantitative evaluation that was performed earlier
[6] has shown that irradiation of fullerene Cg, in the water
solution with visible light may switch it in excited triplet
state. The energy of such electron excitation (2.06 eV)
is sufficient for initiation of the process of generation of
singlet oxygen that, in turn, may initiate the generation
of free radicals in the environment.

As it may be seen from our data (Table 1), irradia—
tion of water solution of fullerene Cg, (5 - 10~* M) with
visible light is accompanied with ROS generation with
the rate of 10 nMol/ml/min. In cell suspensions ROS
generation has been registered, too; in the case if irra—
diated fullerene Cg, solution has been added to cell sus—
pension to a final concentration of 2 - 10~ M, the in-
crease in the rate of ROS accumulation in the cells has
been registered — 3—fold — in thymocyte suspension,
2-fold —in Ehrlich’s ascite cells. The difference in these
values may be possibly explained by the fact that the
ratio of cell surface to total amount of fullerenes Cy,
was lower for ascite cells that are larger than thy—
mocytes.

Then, the cells were incubated with irradiated Cg, for
2 h at 25 °C and their vitality was evaluated using tri—
pane blue test (Table 2). If in 15 min after addition of Cg,
the number of vital cells remained unaltered, after 2 h
incubation this value was decreased by 67% and 58%
for thymocytes and ascite cells, respectively. So, fotoex—
cited fullerenes Cg, influenced the initiation of cell death.

In conclusion, the presented data have demonstrated
that addition of water solution of fullerenes Cg, that were
short-term irradiated with visible light to suspension of
thymocytes and Ehrlich ascite cells is accompanied by

Table 1. The rate of ROS accumulation in water solution of fullerenes Cgo
and cell suspensions

Water Thymo- Ehrlich Ehrlich
solution of Thymo-  cytes + ascite ascite cells +
fuIIeren? Ceo cytes 2-10°*M oells 2 10*M
(5-10" M) Ceo Cep
Rateof ROS 10+04 25+01 75+03 13+01 2602
generation,
nMol/ml/min

Table 2. Influence of irradiated water solution of fullerenes Ceo On cell vitality
Number of vital cells in the suspen- Time after fullerenes Ceo addition (min)

sion after addition of fullerenes Cgo 15 60 120
Thymocytes 91+7 60+8 33+6
Ehrlich ascite cells 935 52+ 6 425

increased rate of ROS. That effect may be potentially use—
ful for development of photodynamic therapy of tumors
with optimization of antitumor action and minimization of
negative toxic consequences.
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KATAJIMTUYECKAA CUCTEMA PAOUKAJIbHbIX ®OPM
KUCNOPOAA HA OCHOBE ®YJIIEPEHOB C,

Ilenw: uccnenosats ciocobHocTs Qyiepenos C, KaTalIM3UpOBaTh PeaKIy 00Pa30BaHNsl PaMKAIbHLIX (OPM KHCIOPOIA
(P®DK) B BoasbIx pacrBopax mocie (poToBo30YK/IeHHs U BIUATh HA )KU3HECIIOCOOHOCTh ACHHUTHBIX KJIETOK JPIHXa.
Memoobt: KOTMIECTBO U ;KU3HECTIOCOGHOCTH KIIETOK ONPEENSIIN C MCIOIb30BAaHHEM TPUIIAHOBOTO CHHETO, PaJIHKaIbHbIE
dbopmbI kucropoza perucrpupoBaim MetooM P cnekTpocKonuy U CIMHOBBIX JIOBYIIEK, 00IyYeHHe BOHBIX PACTBOPOB
C,, B BHIMMOM /[MaNa30He OCYNIECTBJIAIN C IIOMOLIBIO PTYTHOM Jamibl. Pesynvmamot: yCTaHOBJIEHO, YTO 00IyYeHHe
BozHOro pacrsopa ¢ymrepena C (10° M) BUIMMBIM CBETOM CONPOBOKJAETCH 00Pa30BAHHEM PaJHKAIbHBIX (Hopm
kuciopoza (co ckopocrbio 10 Hmosb/mi/mun). Ilocne BHecenus 06ayuenHoro pactsopa C, B CyCIIeH3UH TUMOLMTOB
WIM aCUUTHBIX KJIETOK HAOJIONAeTCs CHIDKEHHE KOJIHYECTBA JKM3HECTOCOOHBIX KIETOK Ha 67 u 58% 1o cpaBHeHHIO ¢
KOHTPOJIEM COOTBETCTBEHHO. Bb1600b1: 00Hapy:KeHHbIH 3 deKT npearaeTcsi HCIOJIb30BaTh /IS Pa3padOTKH METOa
NPOTHUBOOITYX0JIeBOIi Tepanuu ¢ puMeHeHneM ¢ynaepenos C, B KauecTBe KaTatuTHUecKuX cuctem POK.

Kmoueevie caoea: Boaubie pacrtsopel ¢ymnepenos C,, obmyuenue Bumumbiv ceeroM, POK, nporusoonyxonesas

Tepanus, ciuHOBbIe JoByIIKH, IIIP cnekTpockonus.
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