ISSN 0233-7657. Biopolymers and Cell. 2014. Vol. 30. N 5. P. 372-376

doi: http://dx.doi.org/10.7124/bc.0008B4

UDC 57.085.23 + 576.3: 616-006.04

BIOORGANIC CHEMISTRY

Toxic effect of Cs, fullerene-doxorubicin complex
towards tumor and normal cells in vitro

S. V. Prylutska’, G. V. Didenko’, G. P. Potebnya’, K. 1. Bogutska', Yu. I. Prylutskyy',

U. Ritter’, P. Scharff’

'"Educational and Scientific Center "Institute of Biology",
Taras Shevchenko National University of Kyiv
64/13, Volodymyrska Str., Kyiv, Ukraine, 01601

2R. E. Kavetsky Institute of Experimental Pathology, Oncology and Radiobiology, NAS of Ukraine

45,Vasylkivska Str., Kyiv, Ukraine, 03022

3Institute of Chemistry and Biotechnology,
Technical University of Ilmenau
25, Weimarer Str., [lmenau, Germany, 98693

psvit@bigmir.net

Creation of new nanostructures possessing high antitumor activity is an important problem of modern biotech-
nology. Aim. To evaluate cytotoxicity of created complex of pristine C,, fullerene with the anthracycline antibio-
tic doxorubicin (Dox), as well as of free C,, fullerene and Dox, towards different cell types — tumor, normal im-
munocompetent and hepatocytes. Methods. Measurement of size distribution for particles in C,, + Dox mixture
was performed by a dynamic light scattering (DLS) technique. Toxic effect of C,, + Dox complex in vitro towards
tumor and normal cells was studied using the MTT assay. Results. DLS experiment demonstrated that the main
fraction of the particles in C,, + Dox mixture had a diameter in the range of about 132 nm. The toxic effect of C,, +
Dox complex towards normal (Ilymphocytes, macrophages, hepatocytes) and tumor (Ehrlich ascites carcinoma,
leukemia L1210, Lewis lung carcinomay) cells was decreased by ~10-16 % and ~7-9 %, accordingly, compared
with the same effect of free Dox. Conclusions. The created C,, + Dox composite may be considered as a new phar-
macological agent that kills effectively tumor cells in vitro and simultaneously prevents a toxic effect of the
free form of Dox on normal cells.

Keywords: C, fullerene-doxorubicin complex, normal and tumor cells, cytotoxicity, MTT assay, dynamic light

scattering.

Introduction. The important problem in nanobiotech-
nology is to solve a complex task at the intersection of
chemistry, physics, materials science, biology and me-
dicine, which involves the targeted design, synthesis
and study of functional properties of nanomaterials
(with at least one of the dimensions in the size range up
to 100 nm), which are characterized by low toxicity and
high specific bioactivity, for their application in the
treatment of common diseases. The proposed unique na-
nobiotechnology is expected in the nearest future to sol-
ve the problem of early diagnosis of various pathologi-
es with the identification of their localization and selec-

© Institute of Molecular Biology and Genetics, NAS of Ukraine, 2014

372

tive delivery of drugs to the target organs. C,, fullerene
has an eminent position among the available promising
and effective biomedical compounds [1]. Due to their
nanoscale dimension, combination of strength with low
weight [2], strong antioxidant properties [3, 4], acces-
sibility for cellular uptake [5—7], the pristine C,, fulle-
renes are considered as pharmaceutically valuable com-
pounds of a new class [8—10].

However, along with significant prospects of use of
these substances for the prevention and treatment of di-
seases, there are also some problems and cautions. Thus,
some results of biological studies of C,, fullerene aque-
ous dispersions indicate their possible toxic effects on
the human organism [11]. On the other hand, the pristi-



TOXIC EFFECT OF Cgy FULLERENE-DOXORUBICIN COMPLEX TOWARDS TUMOR AND NORMAL CELLS IN VITRO

ne C,, fullerenes were demonstrated not to possess any
toxicity at low concentrations, or at least they showed
no acute toxic effect in the in vitro systems and in vivo
[12, 13]. The toxicity of C,, molecules was identified to
depend strongly on their surface modification, synthe-
sis and treatment conditions, concentration of nanopar-
ticles in solvent medium and, consequently, a size of
the formed aggregates (clusters) [11]. It is assumed that
the main mechanisms of cytotoxic action of the C,,
fullerene derivatives are the evoked lipid peroxidation
and consecutive progress of oxidative stress and related
effects, including DNA damage and necrosis [11, 14].

Doxorubicin (Dox) is an anthracycline antibiotic
that is one of the most common therapeutic agents in
cancer chemotherapy [15]. Dox binds non-covalently to
DNA, blocks the synthesis of nucleic acids, demonst-
rates high anti-mitotic activity and pronounced mutage-
nic effects, but also exerts toxic effects towards normal
tissues and cells [16]. The free radicals which are formed
during Dox chemotherapy, inactivate enzymes of antioxi-
dant protection and invoke immediate oxidative damage
of cells with high oxidative metabolism and activity of
the mitochondrial respiratory chain, particularly cardiac
myocytes and hepatocytes.

One of the ways in protection against Dox-induced
chemical insults of normal tissues is a combined use of
cytostatics together with antioxidants of different nature
[17]. One can assume that immobilization of Dox on C,,
fullerene [18] will prevent its toxic action on normal cells
and enhance its uptake by the target cells that is impor-
tant for the biomedical application of C,, fullerene-drug
conjugates [19, 20].

The aim of this study was to evaluate the in vitro to-
xicity of the C,, fullerene with doxorubicin (C,, + Dox)
complex towards different cell types (tumor, immuno-
competent, hepatocytes) and compare it with the effect
of C,, fullerene and free Dox under in vitro conditions.

Materials and methods. Material preparation and
characterization. A highly stable reproducible C, fulle-
rene aqueous colloid solution (C,,FAS) was prepared
according to protocol [21, 22]. In our experiments the
C, FAS sample with 0.15 mg/ml concentrations of C,,
fullerene was used. The resulting probe microscopy ima-
ges clearly indicate the presence in water of]individual
C,, fullerenes and their aggregates with a typical size up
to 100 nm [21-23].

Dox («Doxorubicin-TEVA», «Pharmachemie B.
V.», Netherlands, 10 mg of lyophilized powder), dissol-
ved in saline (0.9 % NaCl), with an initial concentration
0.15 mg/ml was used in experiments.

Dox was immobilized on the C,, fullerene accor-
ding to the following protocol: C,,FAS (0.15 mg/ml)
and Dox (0.15 mg/ml) were mixed in 1:2 volume ratio,
the resulting mixture was treated in the ultrasonic dis-
perser for 20 min, and afterwards left for 12 h magnetic
stirring at room temperature. The absorption spectra of
native Dox and C, + Dox mixture were measured in the
wavelength range A = 400-600 nm at room tempera-
ture. The pronounced hypochromic effect observed in
the experiment indicates the formation of a stable comp-
lex between Dox and C, fullerene [18].

Measurement of the size distribution of particles in
C,, T Dox mixture was performed by a dynamic light
scattering (DLS) at T = 298 K on a Zetasizer Nano-
7590 (UK). DLS instrument equipped with a He-Ne la-
ser (max 5 mW) operating at the wavelength of 633 nm
was used.

Cell culture experiments in vitro. Immunocompetent
cells and hepatocytes were isolated from intact mice
(males of Balb/c line 2.0-2.5 months of age, weight
20-25 g), who were kept at 25 = 1 °C on a standard diet
of vivarium of the R. E. Kavetsky Institute of Expe-
rimental Pathology, Oncology and Radiobiology, NAS
of Ukraine (R. E. Kavetsky IEPOR, Kyiv). All experi-
ments were conducted in accordance with the standards
of the European Convention for the Protection of Verte-
brate Animals under supervision of bioethical commit-
tee of the abovementioned institution.

Lymphocytes and hepatocytes were obtained by cent-
rifugation (1,500 rpm, 40 min) of cell suspensions of
spleen and liver, respectively, in Ficoll-Hypaque density
gradient (p = 1.077) [24]. Peritoneal macrophages were
obtained from the abdominal cavity of animals by the
treatment with 89 % RPMI 1640 medium supplemented
with 10 % fetal calf serum and 1 % heparin (5 U/ml) and
subsequent centrifugation (1,000 rpm, 10 min).

For comparative evaluation of the cytotoxic effect
of C,, + Dox complex and free C,, fullerene and Dox,
the cells of Ehrlich ascites carcinoma, L1210 leukemia
and Lewis lung carcinoma were used. The cells were ob-
tained from the bank of R. E. Kavetsky IEPOR. 10 ul of
Cy T Dox mixture or C( ,FAS, or Dox was added to 100
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ul of cell suspension in the amount of ~3 - 10° cells and
incubated for 18 h. The toxic effect of studied drugs was
evaluated using the MTT assay [25], based on the
ability of the mitochondrial respiratory chain dehydro-
genases to convert 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyl-2H-tetrazol bromide (MTT) to formazan, which
crystallizes in cells. Cell suspension containing the stu-
died compound was incubated in the presence of MTT
for 3.5 h at the temperature of 37 °C. Formazan precipi-
tate was dissolved in a concentrated solution of DMSO.
Extinction measurement was performed on a digital
spectrophotometer («uQuant, BioTEK», USA) at the
wavelength of 540 nm. Cytotoxic activity of the studi-
ed compound was calculated using the formula: (1 —
e/e,) - 100 %, where €, and ¢ are the extinctions of cont-
rol and test sample, respectively. The MTT-test was re-
peated triple for different experiments.

MTT dye was used for visualization of viable tu-
mor cells.

Statistics. Statistical analysis of the experimental
data was performed using a Student #-test (the level of
significance was p < 0.05).

Results and discussion. A typical result of DLS ex-
periment is presented in Fig. 1 and shows the distribu-
tion of the number of light scattering particles accor-
ding to their hydrodynamic diameters in the studied sys-
tem. As one can see, the main fraction of the particles
had diameters in the range of 132 nm for C,, + Dox mix-
ture and 33 nm for C,, fullerene dissolved in saline (for
comparison). Thus, one can assume that C,, + Dox mix-
ture contains individual C,,+ Dox complexes as well as
their clusters. Previously, based on a detailed analysis
of quantum-chemical calculations, we have shown [18]
that three Dox molecules may simultaneously bind with
one C,, fullerene without sterical overlapping; a diame-
ter of such complex is 1.38 nm.

Table present the data on survival of different cell
types (in % of control) under the action of studied com-
pounds.

The results obtained from the evaluation of cytotoxic
activity of C,, fullerene (0.15 mg/ml) towards normal
cells (Table) have shown that C, fullerene does not have
any toxic effect towards macrophages and hepatocytes.
On the contrary, it stimulates lymphocytes growth by ~
15 %, which is probably caused by enhancing metabo-
lism leading to an increase in their proliferative activity.
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Fig. 1. Light scattering distribution of the number of particles accor-
ding to their hydrodynamic diameters for C,, fullerene dissolved in
saline (/) and C,, + Dox mixture (2)

The toxic effect of the Dox sample (0.15 mg/ml) is
high for all types of normal cells (~ 48—66 %; Table).

The toxic effect of the C,, + Dox (0.05 + 0.1 mg/ml)
complex is kept in respect of all types of normal cells
(~ 38— 50 %; Table).

However, in this case the number of dead cells was
lower by ~ 10-16 % compared with the same effect of
free Dox that is a very important applied result. We be-
lieve that reducing the toxic effect of this complex on
normal cells compared with the effect of free Dox might
be associated with the antioxidant activity of the pristi-
ne C, fullerene [3, 4].

The results obtained on the basis of evaluating the
cytotoxic activity of C,, fullerene (0.15 mg/ml) towards
tumor cells (Table) have shown that C, fullerene dis-
plays the maximum toxic effect on cells of Ehrlich asci-
te carcinoma (~26 %), does not have this effect on leu-
kemia L1210 cells at all, and conversely, stimulates the
growth of Lewis lung carcinoma cells by ~17 %.

The toxic effect of Dox sample (0.15 mg/ml) is high
for all types of tumor cells (~ 69-93 %; Table).

The toxic effect of Cy, + Dox (0.05 + 0.1 mg/ml) com-
plex is kept in respect of all types of tumor cells (~ 62—
84 %; Table). However, in this case the toxic effect of
C,, T Dox complex compared with the same effect of
free Dox is weaker, namely: the number of dead tumor
cells was lower by ~ 7-9 %.

As an example, the microscopic images shown in Fig.
2 illustrate the result of toxic action of studied compounds
towards Ehrlich ascite carcinoma cells after 18 h of in-
cubation.

The cancer cells are known to develop resistance to
traditional chemotherapy drugs, but it is less likely that
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The survival of normal and tumor cells (in %) under the action of various compounds (MTT-test)

Cells Cyo fullerene (0.15 mg/ml) ‘ Dox (0.15 mg/ml) Cgo+ Dox complex (0.05 + 0.1 mg/ml)
Normal cells
Lymphocytes 114.67 £ 1.37* 4320+ 4.61% 56.22 £2.02*
Macrophages - 51.52 +3.92% 62.38 +3.72%
Hepatocytes - 34.43 £ 3.22% 49.53 £4.97*
Tumor cells
Ehrlich ascite carcinoma 74.19 £ 2.39* 21.39 +2.39%* 29.19 + 2.99*
L1210 Leukemia - 7.47 +0.56* 16.44 £ 0.44*
Lewis lung carcinoma 117.47 £ 1.36%* 31.09 + 3.13* 38.42 + 3.47%*

N o te. The results are statistically significant compared to the corresponding control (without any compound); *p <0.05.
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Fig. 2. Toxic effect of C,, fullerene (), Dox (c¢) and C, + Dox complex (d) towards cells of Ehrlich ascite carcinoma after 18 h treatment compared

with the control (a) (x 160)

they can develop resistance when multiple drugs, for exa-
mple, C,, fullerene and Dox, are delivered simultaneous-
ly as a C,, + Dox complex. It is important that one of the
potential drugs, for example, C, fullerene can be a car-
rier of Dox to the nucleus. Finally, C,, fullerene can act
as a strong antioxidant effectively reducing the toxic si-
de effects of anticancer drug Dox towards normal cells.
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Toxcuunnii edext xomiuiekcy Qyneper Cq—nokcopyOiluH Ha
HOPMaJIbHi 1 TyXJIMHHI KIITHHY in Vitro

C. B. Ilpunyupka, I'. B. dinenko, I'. I1. [Tore6ns, K. I. Boryupka,
10. L. punynskuii, V. Pirrep, I1. Llapd

Pesrome

Cmeopenns HOBUX HAHOCMPYKIMYP 3 BUCOKOIO NPOMUNYXIUHHOI AK-
MUBHICIIO € B8ANCTUB0IO NPOOIEMOIO cyuachoi biomexnonozii. Mema.
Oyinumu yumomokcuunicmo cmeopenozo komnuexcy gynepeny Cy, 3
AHMUOIOMUKOM AHMPAYUKIIHOB8020 PAOY O0Kcopybiyurom (Jokc) Ha
PI3HI munu KAimun (NyXauHHi, IMYHOKOMRemeHmHi i cenamoyumu) ma
NOPIGHAMU 00EPAHCAHI PE3YIbIMAMU 3 MOKCUYHOI OI€I0 8LIbHO20 (hye-
peny Cy, i [loke 3a ymog in vitro. Memoou. Po3nooin 3a posmipom ua-

cmunox y Cyy + [Jokc cymiwii 6umipoganu memooom OUHAMIUHO20
poscirsanns ceimiaa ([{PC). Toxcuunuil egpexm xomnnexcy Cy, + [lokc
WOOO0 HOPMANLHUX | RYXIUHHUX KIIMUH 8USYAIU N VILFro 3 BUKOPUCTAH-
nam MTT-mecmy. Pesynemamu. Bcmanogneno, wo 6 cymiwi Cyy +
Jlokc 6 ocHogHOMY peecmpylombcs wacmuHku 3 oiamempom 132 Hm.
Toxcuuna 0ist komnaexcy Cy, + JJokc wjo0o nopmanbrux (nimgpoyumu,
makpocghazu, cenamoyumu) i nyXauHHUX (acyumua kapyurnoma Epnixa,
netikosz L1210, kapyuroma nezeni Jlvoic) kaimur 6us6u1acs MEHULON
npubauzno va 10—16 i 7-9 % 6i0n06i0HO NOPIGHAHO I3 BNIUBOM BLIbHO-
20 [okc. Bucnosku. Pospoonenuii komnaexc Cy, + [oxc modcna pos-
enadamu AK HO8Ull PapmMaxoIoiuHUll npenapam, wo 3a yMos in vitro
30amuuil ehekmueHO SHUWY8AMU NYXAUHHI KITMUHU | OOHOUACHO 3a-
nobieamu nOOIYHUM MOKCUUHUM eheKmam, NPUMAMAHHUM MPAOUYiil-
HOMY RPOMURYXIUHHOMY npenapamy JJoKc w000 HOPMATbHUX KNIMUH.

Knouosi cnosa. komnaexc ghynepen C,—0okcopybiyuH, HOpmManbui i
NYXAUHHI KAimunu, yumomokcuunicms, MTT-mecm, Ounamiune posci-
AHHA C8ImIa.

Toxcuueckuii adpdext komruiexca pymiepen Cy—a0KCOpyOHLUH

Ha HOPMaJIbHbIE U OIIyXOJIEBbIE KIETKHU in Vitro

C. B. Ilpunyuxkas, I'. B. Aunenko, I'. I1. [Tore6ns, E. U. Borymukas,
10. U. Mpunyuxwuit, Y. Puttep, I1. Ilapd

Pesrome

Coszoanue Hogbix Hanocmpykmyp ¢ B8bICOKOLL npomueoonyxozze@oﬁ aK-
MUBHOCMBIO ABISLEMCSL BANCHOLL I’lp06ﬂ6M012 COEP@M@HHOIZ ouomexmo-

375



PRYLUTSKA S. V. ET AL.

noeuu. Henv. Oyenums yumomokcuuHOCmy CO30AHHO20 KOMNIEKCA
@ynaepena Cy, ¢ anmubuoOmuxom aHmpayukiuHo8020 psoa OOKCopy-
ouyurom ([{oxc) nHa pazHvie munvi K1emox (0nyxoieguvle, UMMYHOKOM-
nemenmmuble, 2eNAMOYUMbL) U CPAGHUMb NOJYUEHHbIE Pe3YIbMaAmbl ¢
mokcuueckum oeticmeuem c60600nozo gynnepena Cy, u Jokc 6 ycio-
susix in vitro. Memoowl. Pacnpedenenue no pasmepy yacmuy 6 cmecu
Cy, + Hokc usmepsnu memooom OUHaAMULecKo20 pacceusanus ceema
(APC). Toxcuueckuii 2¢ppexm xomnnexca Cy, + Jlokc na nopmanvhsie
u onyxonegvle KiemKu in vitro uzyuaiu ¢ ucnoivsosanuem MTT-mec-
ma. Pesynomamut. Ycmanoeneno, umo 6 cmecu Cy, + Jlokc pecucmpu-
PYIOMCst 8 OCHOBHOM yacmuyvl ¢ ouamempom 132 um. Toxcuueckoe
oeticmeue xomnnekca Cy + Jlokc no omuowienuo Kk HOpMAtbHbIM
(numepoyumot, Makpoghazu, cenamoyumeol) u ONYX0N€8bIM (ACYUMHAS
xapyunoma Opauxa, neuxoz L1210, xapyunoma neexoeo Jlviouc)
KIemKam okazanioco meHouium Ha ~ 10—16 u 7-9 % coomsemcmeenno
no cpagreruto ¢ deticmeuem c60600H020 J{okc. Boieoowt. Paspaboman-
noii komnnexce Cyy + [oke ModucHo paccmampusams Kak HO8blL pap-
Makono2uueckull npenapam, cnocoonblil 8 yciosusax in vitro sggex-
MUBHO YHUUIMOICANb ONYX0lesble KIeMKU U 0OHOBPEMEHHO Npedom-
spawame noOoYHble MoKcuyecKue 3ghexmol, npucyujue mpaouyuoH-
HOMY npomusoonyxonegomy npenapamy /loxc omunocumenvno Hop-
MANbHBIX KIEMOK.

Kniouegvie cnosa: komnnexc gyanepen C,—00Kkcopyouyun, HOpmany-
Hble U onyxonesvle Kiemku, yumomoxcuunocmo, MTT-mecm, ounamu-
ueckoe paccesinue ceema.
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