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The aim of this study was to evaluate the toxicity of noncovalent nanocomplex of Cg, fullerene
with cisplatin (Cg(-Cis-Pt) against normal cells. The toxicity of the Cgy-Cis-Pt nanocomplex compared
to the free Cis-Pt was studied by estimating kidney human embryonic (HEK293) cells viability using
MTT assay and rat erythrocytes resistance to acid haemolysis. It was shown that free 40 uM Cis-Pt
changed the morphology and reduced the viability of HEK293 cells, as well as increased the number
of haemolyzed erythrocytes compared to the control. According to the investigated parameters anal-
ysis no cytotoxic effects of Cgo-Cis-Pt nanocomplex was observed at Cis-Pt equivalent concentration.
The prevention of Cis-Pt toxic action against normal cells by its complexation with Cg, fullerene opens
the prospect of nanostructure usage as an effective cytoprotector and a target carrier in tumor cells.
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The use of biologically active nanomaterials
for targeted drug delivery, enhancement of
the traditional anticancer drugs therapeutic
efficacy and prevention of its side effects is
a significant and complex problem of modern
biotechnology. The representative of carbon
nanostructures Cg, fullerene is promising
in this direction. It is a chemically stable,
nanosized (0.72 nm), almost spherical and
hydrophobic molecule that penetrates through
biological membranes, localizes within cells
[1-3]. As is known, chemical modification
affects the physical, chemical and biological
properties of Cg, fullerene. Pristine Cg,
fullerene and its water-soluble derivatives
do not cause toxic effects [1, 4, 5]. The
accumulation of Cg, fullerene in tumors of the
liver, stomach, intestine, lungs, bones and
its selective damaging effect on malignantly

transformed cells was detected [6—8]. The
surface structure of C4y molecule with a system
of double m-conjugated electron-deficient
bonds is unique and determines the properties
of this nanostructure as an antioxidant
(free radical scavenger) [9, 10] as well as its
ability to generate reactive oxygen species
(ROS) after UV-Vis light irradiation [11-14]
that can be used in photodynamic therapy of
tumors. Besides, Cgy fullerene can form stable
complexes with chemotherapeutic drugs [15—
17], that can be used to optimize their action.
The traditional broad-acting anticancer
drug is cisplatin (cis-diaminodichloroplatinum,
cis-[Pt(II)(NH;),Cl,], Cis-Pt), the cytotoxic
effect of which is caused by DNA damage and
oxidative stress induction [18—22]. Despite
the negative side effects of Cis-Pt, it is widely
used in antitumor therapy. Clinical usage of
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Cis-Pt might be increased with improving its
selectivity, overcoming drug resistance and
reducing toxicity.

To increase the effectiveness of Cis-Pt
antitumor effect and minimize its side effects,
a noncovalent nanocomplex of Cg, fullerene
with Cis-Pt (Cgy-Cis-Pt) was created [23].
Estimation of Cg,-Cis-Pt nanocomplex toxicity
is an important prerequisite of its usage for
biomedical purposes. Thus, the aim of this
work was to estimate the toxic effect of free
Cis-Pt against normal cells in comparison with
Cgo-Cis-Pt nanocomplex.

Materials and Methods

Creation of Cgy-Cis-Pt nanocomplex. Cg
fullerene aqueous colloid solution (CgFAS)
(150 pg/ml, 2-10"* M, purity 99.95%) was
prepared at the Technical University of
Ilmenau (Germany) as described in [24, 25].
Cgo FAS is characterized by a high Cg, fullerene
concentration and stable up to 12 months at
+4 °C.

To generate Cg,-Cis-Pt nanocomplexes, the
Cego solution (150 pg/ml) and Cis-Pt (Sigma,
USA) solution in 0.9% NaCl saline (150 ng/ml)
were mixed in 1:1 volume ratio. The mixture was
sonicated with ultrasound (22 kHz, 20 min) and
stirred (400 rpm, 18 h). Final concentrations
of Cgq fullerene and Cis-Pt were 75 ng/ml
(104 pM) and 75 pg/ml (250 uM), respectively.
The stability of Cgy-Cis-Pt nanocomplexes in the
aqueous medium was confirmed by the results
of the dynamic light scattering technique [26].
The calculated dissociation constant for the
obtained noncovalent Cg4,-Cis-Pt nanocomplex
is~2mM[27].

Cell culture. Non-tumor HEK293 (human
embryonic kidney 293) cells were kindly
supplied by the Bank of Cell Cultures and
Transplantable Experimental Tumors of Ka-
vetsky Institute of Experimental Pathology,
Oncology, and Radiobiology of the National
Academy of Sciences of Ukraine (Kyiv,
Ukraine). Cells were maintained in DMEM
(Sigma-Aldrich Co, Ltd, USA) supplemented
with 10% fetal bovine serum (Sigma-Aldrich
Co, Ltd, USA), 50 U/ml penicillin and 100
ng/ml streptomycin at 37 °C in a humidified
atmosphere with 5% CO,. Cells were incubated
for 24 h with or without free Cis-Pt or Cgy-
Cis-Pt nanocomplex in Cis-Pt equivalent
concentration.

Cell viability was assessed by the MTT
[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide] (Sigma-Aldrich Co, Ltd,
USA) reduction assay [28]. At indicated time
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points of incubation 100 pl aliquots (10x103 cells)
were placed into the 96-well microplates Greiner
(Sigma-Aldrich Co, Ltd, USA), 10 ul of MTT
solution (4 mg/ml in phosphate-buffered saline
(PBS)) was added to each well and the plates were
incubated for another 2 h at 37 °C. Precipitates
were dissolved with 100 ul of dimethyl sulfoxide
(DMSO) (Sigma-Aldrich Co, Ltd, USA).
Diformazan formation was determined by
measuring absorption at 570 nm with a microplate
reader pQuant (BioTEK, USA).

Curve fitting and calculation of the half-
maximal inhibitory concentration (ICj,
value) were done using GraphPad Prism 7
(GraphPad Software Inc., USA). Briefly,
individual concentration-effect curves were
generated by fitting the logarithm of the tested
compound concentration versus corresponding
normalized percent of cell viability values
using nonlinear regression.

Cells morphology was investigated
using phase-contrast microscopy (Olympus
CKX41SF, Japan). For light microscopy
images an Olympus SP-500UZ (Indonesia)
camera was used.

Erythrocytes haemolysis. Erythrocytes
isolated from the heparinized rat blood, were
incubated at 37 °C with or without Cgy-Cis-
Pt nanocomplex. Erythrocytes haemolysis
was induced by addition of hydrochloric acid
to the final concentration of 0.001 N [29].
Measurements of the haemolysis dynamics
were carried out for 2 min with a 10 s interval
on the spectrophotometer (Scinco, Germany) at
A =630 nm.

All experiments with animals in this study
were performed according to the Bio-Ethics
Committee of the abovementioned institution.

Statistical analysis was performed using
two-way ANOVA followed by post Bonferroni
tests. The IC;, value was represented as M = SD
of more than four independent experiments. A
value of P < 0.05 was considered statistically
significant.

Results and Discussion

Viability and morphology of HEK293 cells.
Cytotoxic activity of Cgo-Cis-Pt nanocomplex
against HEK293 cells in Cis-Pt equivalent
concentrations of 5—40 pM in comparison with
the free drug was studied by MTT test at 24 h
of incubation. The viability of cells incubated
without additions of Cg, fullerene, Cis-Pt, or
Cgo-Cis-Pt nanocomplex was taken as 100%
(control).

No effect of Cg4, fullerene used alone in
the range of 2.8-16.6 uM concentrations,
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equivalent to those in Cgy-Cis-Pt nanocomplex,
on HEK 293 cells viability during the incubation
period was detected (data are not presented).
The calculated IC;, values for Cg, fullerene
(IC;y = 530 uM) (Table 1) action on HEK293
cells showed that it is a low toxic compound.
These results are in a good agreement with the
literature data. Thus, the toxic effect of pristine
Cgo fullerene against normal baby hamster
kidney BHK-21 cells were observed only at high
440 pM concentration [30].

We have detected the cytotoxic effect
of Cis-Pt against HEK293 cells at 40 uM
concentration. Under the action of the drug
at this concentration cell viability at 24 h
was reduced by 28% compared to the control
(Fig. 1). The decrease of HEK293 cells viability
by 43% compared to the control under the
action of 50 uM Cis-Pt was also demonstrated
in [31]. The calculated IC;, value for Cis-Pt was
shown to be 75 uM (Table 1).

Table 1.1ICyq values for Cg fullerene, Cis-Pt
and Cg-Cis-Pt nanocomplex in HEK293 cells

(M +m,n=06)
Compounds IC59 (nM), 24 h
Cgo fullerene 530 =43
Cis-Pt 75 +5.6
ngr(lig-c?)irigIZx 90 + 6.8

Note: * — P < 0.05 in comparison with Cis-Pt.
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Fig. 1. Viability of HEK294 cells treated
with free Cis-Pt or Cgy-Cis-Pt nanocomplex
in Cis-Pt equivalent concentrations at 24 h
of incubation (M + m, n = 6):
* P < 0.05 in comparison with control (untrea-
ted cells); # P < 0.05 in comparison with Cis-Pt

With the action of 5 uM Cgy-Cis-Pt
nanocomplex the viability of HEK293 cells was
increased by 20% compared to the control (Fig.
1), probably due to the initial adaptive response
to the compound. Cgy-Cis-Pt nanocomplex
at 40 nM Cis-Pt equivalent concentration
inhibited HEK293 viability, but the toxic
effect appeared to be only 18% as compared
to control (Fig. 1). The calculated value of ICj,
for Cgy-Cis-Pt nanocomplex was higher (90 pM)
than that for free Cis-Pt (Table 1) confirming
the decreased cytotoxicity of Cis-Pt against
non-tumor cells at complexation with Cg,
fullerene.

Morphological studies showed that
untreated (control) HEK293 cells formed
elongated epithelioid structures and dense
monolayer in some areas, a large number of
intercellular contacts were observed. The
cytotoxic effect of 40 uM Cis-Pt on HEK293
cells was evidenced by morphological changes
of cells (Fig. 2, Table 2).

Most of HEK293 cells treated with
40 pM Cis-Pt were characterized by atypical
morphology and smaller size (Table 2). No
evident effect of Cgy-Cis-Pt nanocomplex in
equivalent 40 nM Cis-Pt concentration on cells
morphology was detected.

Therefore, the toxic effect of Cis-Pt on
normal cells at complexation with Cg, fullerene
was reduced. The protective effects of Cg
fullerene against the toxic effects of Cis-Pt
may be due to the antioxidant properties of the
carbon nanostructure [32, 33, 34]. We have
previously shown that Cg, fullerene prevented
ROS production in thymocytes and prevented
the decrease of thymocytes viability induced by
Cis-Pt[35, 36].

Erythrocytes haemolysis. The use of
platinum-based drugs in chemotherapy is
limited due to its high haematotoxicity,
that is the cause of haemolytic anemia and
bone marrow disease [37]. So the search for
erythrocyte protection pathways against drug
damage is of current interest.

The effect of Cis-Pt and Cgy-Cis-Pt
nanocomplex at the level of cells plasma
membrane was estimated by the dynamics of
erythrocytes haemolysis, which reflects the
dynamics of erythrocyte plasma membrane
destruction and the release of haemoglobin into
the environment. Erythrocytes haemolysis of the
control (untreated red blood cells) was accelerated
at 40 s after the treatment with haemolytic and
reached the maximum at 60 s, the number of
haemolyzed cells was 30 = 2% (Fig. 3).

Haemolysis of erythrocytes treated with
40 uM Cis-Pt slightly slowed, however, the
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Control

Cis-Pt Cgo-Cis-Pt nanocomplex

Fig. 2. Microphotographs of HEK293 cells incubated for 24 h in the presence
of free 40 pM Cis-Pt or Cg-Cis-Pt nanocomplex
(phase-contrast microscopy, x 400)

Table 2. Morphological features in HEK293 cells
at 24 h after action 40 nM Cis-Pt
or Cg(-Cis-Pt nanocomplex (M = m, n = 6)
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Fig. 3. Erythrocytes haemolysis after action 40 pM
Cis-Pt or Cg(-Cis-Pt nanocomplex (M + m, n = 6):
* P < 0.05 in comparison with control
(untreated cells)
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number of haemolyzed cells reached 55 =
2% (Fig. 3), indicating on Cis-Pt-induced
decrease of cells resistance to haemolysis.
As it was shown in [38], Cis-Pt at 35 nM
concentration caused morphological changes
of human erythrocyte membrane by
embedding into the inner layer of cells. The
extranuclear mechanism of Cis-Pt cytotoxic
action is associated with its high affinity to
phosphatidylserine the inner monolayer of the
erythrocyte plasma membrane [39].

Cgo fullerene at 16.6 nM concentration
equivalent to that in Cgy-Cis-Pt nanocomplex
did not change parameters of erythrogram,
indicating on the absence of haemolytic effect of
carbon nanostructure (data are not presented).
As it was shown by us previously [40, 41], the
slight haemolytic activity of Cg, fullerene was
detected at concentrations > 50 uM.

No haemolytic effect was detected
when erythrocytes were treated with
Cgo-Cis-Pt nanocomplex at 40 pM Cis-Pt
equivalent concentration. The parameters of
erythrogramm were the same as in control (Fig.
3) indicating that Cg, fullerene weakened Cis-Pt
interaction with erythrocyte membrane and was
able to increase the resistance of erythrocyte
membrane to Cis-Pt induced haemolysis.

The data obtained showed that the
cytotoxic effect of Cis-Pt against normal
cells was prevented at complexation with Cyg,
fullerene and that Cg4y-Cis-Pt nanocomplex
has a potential to be used for minimization of
anticancer drug side effects.
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3AIIOBITAHHA TOKCUYHIN 1T
ITUCIIJIATHHY II[OJI0 HOPMAJIBHUX
KJITUH 3A KOMIIJIEKCOYTBOPEHHSA
I3 C4y ®YJEPEHOM

C. B. ITpunyyvra®, I. I. Tpuniox’,
T. 1. Ckamepna?, JI. B. J]po6om?,
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MeTo10 Po60TH OYJIO OIIiHUTYU TOKCHUYHICTD
HEeKOBaJIEHTHOTO HaHOKoMILIeKcy Cgo dyite-
pery 3 nucngatuaoM (Cg,-Cis-Pt) monxo HOD-
manbHUX KIiTHH. TokcuunicTs C4)-Cis-Pt na-
HOKOMILJIEKCY, mopiBuAHO 3 BinbHum Cis-Pt,
BUBYAJMK Ha KJiTHHAX eMOPioHAJIBHOI HUPKU
mioguau (HEK293), ominiooun iX :KUTTE30aT-
HicThb 3a gomomoro MTT-TecTy Ta Ha epuTpoO-
muTax nrypa 3a iXHbOIO CTIiHKiCTIO O KMCJIOT-
HOT'0 reMoJIisy. ByJo mokasaHo, IO BiTbHUN
40 mxM Cis-Pt sminroBas mopgosoriio Ta
3HUIKYBAB KUTTe3MaTHiCcTh KaiTuan HEK293
Ha 28% , a TaKOK 306i/abIIyBaB KiJbKicTh Te-
MOJi30oBaHUX epUTPOIUTiB HA 25% mopiBHS-
HO 3 KoHTpoJeM. Cgy-Cis-Pt manmokomniexc
3a ekBiBaseHTHOI KoHmeHTparnii Cis-Pt me
BIJMBAB Ha JOCJiJKyBaHi MOKA3HUKU i He
CIPUYUHAB IIUTOTOKCUUYHUX ePeKTiB. 3amo-
O6iramusa ToxkcuuHin nii Cis-Pt ma HopmaapHi
KJIiTUHY 3a 10r0 KOMIIJIeKCcOyTBOpeHHd i3 Cg
(yrepeHoM BiiKpHBaE MEePCIEKTUBY BUKOPIU-
CTaHHSA HAHOCTPYKTYPU AK €e()eKTUBHOTO IU-
TOIPOTEKTOPAa i TAPreTHOTO HOCiA Yy MyXJIUHHIL
KJIiTUHU.

Knwowoei cnosa: Cgy PpynepeH, mucniaTuH, HaHO-
rKoMmiuiekc, HEK293 KiaiTuHN, IUTOTOKCUYHICTD,
€PUTPOIIUTU, TeMOJIi3.
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ITesnbio paboThI OBLIO OIEHUTH TOKCUYHOCTD
HeKOBaJIeHTHOI'0 HaHOKoMILIeKca Cgy hyirepe-
Ha ¢ mucniaatuaoM (Cgy-Cis-Pt) oTHOCHTEIBHO
HOPMaJbHBIX KJIeTOK. TokcuuHOCTE C4(-Cis-Pt
HAHOKOMILJIEKCa, B CPABHEHUU CO CBOOOJHBIM
Cis-Pt, msyvanu nyTeMm OmeHKU KM3HECIIOCO0-
HOCTH KJIETOK 9MOPMOHAJILHOU MOYKY YeJIOBEKa
(HEK293) ¢ momorsio MTT-Tecta u Ha 9puUTpO-
IIATaX KPBICHI IT0 X YCTONUNUBOCTH K KUCJIOTHO-
My I'eMOJI3Y. BBII0 MOKa3aHo, YTO CBOOOAHEBIM
40 mxM Cis-Pt BbI3bIBas MOpPQOJSIOTHUECKIIE
U3MeHeHUA U CHUMKEHUNEe KU3HEeCI0COOHOCTHU
kaetoxk HEK293 na 28% , a TaksKe yBeauueHme
KOJMYECTBa reMOJU3UPOBAHHBIX 9PUTPOIIHNTOB
Ha 25% mo cpaBHeHUIO ¢ KOHTposeM. Cg,-Cis-Pt
HAHOKOMILJIEKC B 9KBUBAJIEHTHOU KOHIlEHTpA-
nuu Cis-Pt He BiusaI Ha ucciegyeMble IToKasa-
TeJIN U He BbI3bIBAJ IIUTOTOKCUUYECKUX aP(deK-
ToB. IIpegoTBpaIlieHre TOKCUUYECKOTO AeHCTBUA
Cis-Pt Ha HOpMabHBIE KJIETKHU IIPU KOMILIEK-
coobpaszoBauuu ¢ Cq, QyLIepeHOM OTKPHIBAET
TePCIeKTUBY MPUMeHEeHU A HAHOCTPYKTYPHI KaK
3 GEKTUBHOTO IUTOIPOTEKTOPA U TaPTreTHOTO
HOCHUTEJIS B OIIyXO0JIEBbIE KJIETKMU.

Kntouesvie cnoea: Cgy QyiiepeH, IUCIIATHH,

HanoxkoMmiLiekc, HEK293 KieTKu, IUTOTOKCHY-
HOCTb, 3PUTPOIUATEI, TeMOJII3.
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