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The toxicity of Cg, fullerene, traditional cytostatic cisplatin and Cg, fullerene-cisplatin complex on
honeybee Apis mellifera L. toxicity estimation test system was assessed. Water-soluble pristine Cg
fullerenes were nontoxic for honeybee when consumed with the food in doses equivalent nontoxic and
effective ones for mammalian. Cisplatin toxicity for honeybee in the doses exceed the same for mamma-
lian in 2 times was observed as fallows: honeybee 56% death occurred after consumption of 60 mg/kg of
bee weight. Cg( fullerene-cisplatin complex proved to be more toxic for honeybee in comparison with free

cisplatin and caused honeybee 50% lethality after consumption of 40 mg/kg bee weight.
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Anticancer drug toxicity on normal highly
proliferated tissues is the top problem of the
modern medicine. The targeted transport of
anticancer agents into the cells is the possible
solution to this problem. Such transport could
provide therapeutic’s total dose reduce and
thereafter its toxicity decrease, and maintain
and even increase its antitumor efficacy. Cg
fullerenes are the prospect delivery vehicles
to such transport. They are lipophilic and
could penetrate plasma membrane by passive
diffusion [1, 2] or endocytosis way [3, 4] and
enter into the cell. Therefore the investigation
of the biological properties of C4, conjugates
with common drugs, in particular with
anticancer ones [5—9], is warranted.

Cgo fullerene is a spherical-like molecule
with a diameter ~0,7 nm consists with carbon
atoms [10]. C4, fullerene has an unicum
chemical construction and therefore has
high reactivity, including addiction to
nucleophilic addition reactions [11]. So Cg
fullerenes and their derivates can scavenge
free radicals including reactive oxygen species
(ROS) in biological systems and therefore
could be an antioxidants [12, 13]. The ability
of Cgy fullerene derivates to initiate the
cell death by necrotic mechanism in dose-
dependent manner was also observed [14].
Toxic properties of Cg, fullerenes on human
dermal fibroblasts, hepatocytes and normal
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astrocytes have been shown to depend on Cg,
fullerene functionalization [15]. No acute in
vitro and in vivo toxicity of nonmodified Cg
fullerenes when act in low concentrations close
to physiological ones were shown in [16—18].

As the problem of targeted drug delivery
is not solved yet, therefore the investigation
of the effects of Cq, fullerene — anticancer
agent complexes on different test systems
to clear the mechanisms of action of such
complexes on intact highly proliferated cells
is necessary.

Insects gut epithelium is the renewable cell
population of varying difficulty depending
the insect species, but nevertheless is quite
dynamically updated system comparable
with gut epithelium of the vertebrate [19].
Therefore the study of the compounds
affecting the nucleic acid synthesis and cell
proliferation on insects is valid. Honeybee
Apis mellifera L. is widely used to determine
the safety of pollutants for environment.
Honeybee is a convenient object for such
investigations because of large area of one
brood activity (up to 20 km?), genetical
homogeneity of individuals from one colony,
and their high sencitivity to pecticides,
heavy metals and other pollutants. Moreover,
the honeybee sencitivity to DNA synthesis
inhibitors exceed the same for mammalian in
2-200 times [20].
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Antitumor agents could impair DNA
synthesis and distribution between daughter
cells (alkylating, intercalating agnts,
antimetabolites, topoisomerase and mitotic
spindle inhibitors) or affect the cell signal
transduction (hormones and antihormones,
protein kinases inhibitors) [21]. Notably,
that the first are much more toxic to normal
cells compared to the last [22]. Cisplatin (cis-
Diamminedichloroplatinum(II), CisPt) is one of
the most common alkylating agent, widely used
for therapy of the solid tumors[21]. CisPt forms
coordination bonds between Platinum atom and
two guanine residues of DNA (N7 atoms) or
protein SH-groups, called “platimum adducts”
and thereby alters DNA. So DNA-DNA and
DNA-protein links appear and SH-comprising
enzymes are inactivated. At the cell level CisPt
alters DNA replication and transcription and
thereby cell cycle arrest and apoptosis occur.
Therefore morphological injuries are observed
predominantly in highly proliferated tissues.

In this work the investigation of Cg,
fullerene, CisPt and Cg, fullerene-CisPt
complex (Cg4, +CisPt) water solutions in
honeybees acute oral toxicity test was aimed.

Materials and Methods

Honeybees Apis mellifera L. acute oral
toxicity test was performed [23]. The young
adult worker bees of Ukrainian steppe race
from the healthy colony were used. Insects were
collected at the day of experiment and randomly
allocated to the entomological cages sized
10x10x15 sm of 10 bees per cage. The bees were
held in the dark (except the time needed for
treatment and observations) at a temperature
of 283 +1°C and the relative humidity 40%.
Eppendorf plastic tubes with hermetic plug and
2 mm hole in the bottom were mounted into the
cage roofs and used as feeders.

The stable Cg4, fullerene water colloid
solution (0,15 mg/ml) was prepared as
described [24, 25]. Structure characteristic of
prepared solution was performed using atomic
force microscopy (AFM, commerce system
Solver Pro M; NTMDT, Russian Federation).

CisPt (Cisplatin-TEVA, PHARMACHEMIE BV,
Netherlands, mature concentration 0,5 mg/ml)
was dissolved in saline down to 0,15 mg/ml.

Cgo1+CisPt complex was prepared by mixing
of Cg4p fullerene (0,15 mg/ml) and CisPt
(0,15 mg/ml) water solutions in the volume
ratio of 1:1. Obtained mixture was processed in
an ultrasound disperger for 10 min followed by
magnetic mixer processing for 18 h at the room
temperatue. Our previous model settlements

suggest the stability of C4y+CisPt complex in
water solution [9].

Water solutions of Cg, fullerene (0,15 mg/
ml), CisPt (0,15 mg/ml) and Cgy,+CisPt
(0,075 + 0,075 mg/ml) were mixed with
sucrose syrup and distilled H,O to obtain 33%
sucrose, 0,075 and 0,0375 mg/ml C4, fullerene,
0,075 and 0,0375 mg/ml CisPt, 0,075 + 0,075
and 0,0375 + 0,0375 mg/ml C4(+CisPt in final
liquids. Feeders were filled up by 1 ml of tested
solutions per day. Pure 33% sucrose syrup was
used as a control. Bees were observed after 24,
48 and 72 h from the start of experiment, the
feeders were weighted, the amounts of treated
diets consumed per group were monitored, and
the amounts of tested substances consumed per
bee were calculated. Insects were suggested as
alive when any motion was observed, otherwise
they were suggested as dead [23]. Three
replicate test groups, each of ten bees, were
dosed with each test concentration and control.

Statistical analysis was carried out using
SPSS 17.0 software for Windows.

Results and Discussion

The obtained AFM image (Fig.1) demonstrates
that as single Cg4, fullerenes as their aggregates
with size 3—-200 nm were attended in water
solution, which is agreed with [26].

There were no dependence of consumed
food from concentration of tested chemicals, so
no repellent properties of Cg, fullerene, CisPt
and Cg,t+CisPt solutions were observed.

The maximum amount of consumed

~15nm ~5nm ~3nm >200nm ~50nm

0 2 4 6 8 um
Fig. 1. AFM image (semi-contact mode) of Cg,
fullerene aggregates precipitated on mica from
water solution: 0,15 mg/ml
(3 months after preparation)
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through 72 h Cg4, fullerene was 7,5 ng per
bee, or 75 mg/kg of bees [27]. There were no
bees mortality in Cg4, fullerene group, as in
the control one, suggesting the safety of Cg
fullerene (0,075 and 0,0375 mg/ml) water
solutions for insects and agreeing with [28].
Thus, peroral and intraperitoneal maximum
tolerant dose of Cg4, fullerene for rats was
5 g/kg body weight and excreted at
48-96 h [29].

Bees mortality was observed after
consumption of CisPt and Cg,+CisPt solutions
after 72 h of exposure. Bees mortality
dependences from consumed dose of CisPt are
depicted in Fig. 2.

mortality, %

caB88883388

6 8 10 12
CisPt, g per bee

o
L]
IS

—a— CisPt —— Cgg +ClsPt {welght of CisP1)

Fig. 2. Honeybee mortality dependence
from consumed doses of free CisPt and Cg,+CisPt
complex after 72 h of exposure

As we can see from the Fig. 2, the dose of
CisPt caused the maximum bees mortality
(56%) is 6 png per bee or 60 mg/kg of bees,
or, if calculated as described at [30],
18,3 mg/m? of body area. For comparison,
CisPt LDy, for mice is 39 mg/m? of body area
(or 13,5 mg/kg body weight) [21], suggesting
the bees sensitivity to CisPt exceed the same of
mammalian in 2 times.

Bees mortality dependence from consumed
dose of CisPt is domical, which is unexpective
(Fig. 2). The possible reason is, on our opinion,
the impairment of CisPt transportation into
the cell. Three ways of CisPt import into
the eucariotic cell are known [31]: passive
diffusion, caused by neutrality of CisPt
molecule, transportation by organic cation
transporter 2 (OCT2), and by Copper influx
transporter CTR1 [31]. Notably, that the last
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Onineno tokcuuHicTh Cgo-pysrepeny, Tpagu-
MiHOTO IMUTOCTATUKA IIUCILJIATUHY, Ta KOMILIEK-
cy Cgo-dynepeHy i3 muCIJIATHHOM Ha TECT-CHUC-
TeMi OI[iHIOBAHHS TOKCHUYHOCTI — MEIZOHOCHIil
o6nsxomai Apis mellifera L. Ilokasano, 1110 BOJO-
posunHHi Cgo-pyrepeHn € HeTOKCUYHUMHU [JId
MEeJOHOCHUX OIKijJ 3a CHOKMBAHHS 3 KOPMOM Yy
KiJTbKOCTSX, AKi BiAmoOBiZal0Th e(peKTUBHUM He-
TOKCUYHUM [03aM AJIA ccaBIiliB. BeTaHoBiaeno Ta-
KOJK, IO MUCILJIATUH € TOKCUYHUM AJIS MeITOHOC-
HOI 6[’K0JIN ¥ KiTBKOCTi, 110 B 2 pasu HUKYA 3a
aHAJIOTIUHY JJIS CCABIIiB, CIIPUYMNHIOYN 56% -HY
JIETAJIbHICTE 3 YMOB CIIOJKMBAHHSA 3 KOPMOM Y 031
60 mr/kr macu a6o 18,3 MI‘/M2 TJIOIIi TTOBEPXHi
Tisna 6mxin. Kommiexe Cgo-pynepery i3 mucmia-
TUHOM BUABUBCS OiIbII TOKCUYHUM JJIS MEOHOC-
HOI 02K0JIM TTOPiBHAHO 3 BiJIbHUM ITHCILJIATUHOM,
symosaooun 50% -Hy JeTanbHICTh 3a BBEIEHOI
3 KopMmoM zmo3u 40 Mr/Kr Mmacu 61K 1.

Knmwouwosei cnosa: Cgy-dynepeH, MuCHiIaTuH, Me0-
HOCHA 0IKo0JIa.
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Onenena TokcuuHOCTS Cq-dyirIepeHa, Tpagu-
IIMOHHOTO ITUTOCTATUKA IUCILJIATAHA, U KOMILJIEK-
ca Cg( dysrepeHa ¢ UCIIATHHOM Ha TECT-CUCTEME
OIIEHKY TOKCUYHOCTH — MEJOHOCHOMU muese Apis
mellifera L., ¥yBCTBUTEIbHOCTh KOTOPOIH K BeIIle-
cTBaM, nmogasiAmomum cuuTesd [[THK, mpeBbitaer
YYBCTBUTEJbHOCTE MJIeKomuTaionux B 2—200 pas.
ITokasaHo, uTo BogopacTBopuMble Cgy-QyiriepeHsl
HETOKCUYHBI [JIsT MEIOHOCHBIX ITUeJ IIPU IIOTpe-
0JIeHU C KOPMOM B KOJIMYECTBAaX, KOTOPHIE COOT-
BETCTBYIOT 3 (PEKTUBHBIM HETOKCUUYHBIM 03aM
I MJIEKOIIUTAIONNX. Y CTAHOBJIEHO TaKMKe, UTO
IUCIJIATAH TOKCUYEH IJIs MEJOHOCHOU! IYeJbl B
KOJIMYeCTBe, MEHBIIIEM 3a aHAJOTMYHOe IJIS MJIe-
KOIMUTAINX B 2 pasa, BbI3bIBasa 56% -1o jieTajb-
HOCTB IIPU YCJIOBUU IOTPEOJIEHUS C KOPMOM 03I
60 mr/xr maccel uau 18,3 MI‘/M2 TJIOMIAAN II0-
BepxHOCTH Tesa nues. Kommiekc Cgy-dyirepena
C IMCILJIATUHOM OKa3aJiCsi 00Jiee TOKCUYHBIM JIJIsI
MeIOHOCHOU ITUesIbl II0 CPABHEHUIO CO CBOOOTHBIM
IUACILIATUHOM, BbI3bIBasA 50% -10 JT1eTaJIbHOCTD IIPHU
BBeIEHUN ¢ KOPMOM 1035I 40 MTI'/KT MaccChl IIUeJI.

Kntoueevie cnoea: Cgy-dynnepeH, IUCIIATHH,
MeJIOHOCHAs ITUeJia.





