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CBOUCTBA PA3PABOTAHHOU HUOCOMAABHOMN ®OPMbI
NMPOTUBOONYXOAEBOIO BELLECTBA N-HYDROXY-2-(2-(NAPHTHALEN-2-YL)-
1H-INDOL-3-YL)-2-PHENYLACETAMIDE

AN AEMEHUS TAMOBAACTOMBI
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1 CTaBpONOABCKHMIA rOCYAQPCTBEHHbIN MEAULIMHCKUIA YHUBEPCUTET, Poccuickas Peaepauus
2 CeBepo-Kaskasckuit peaepaAbHbIi yHUBepcuTeT, CTaBponoAb, Poccuiickas Peaepaums
3 Texacckuit rocyAQpCTBEHHbIN yHUBEepcuTeT, CaH-AHTOHKMO, CLUA

4 KapAaos yHuBepcuTeT, MNpara, Yewckas Pecny6amka

The physical properties of niosome form of anti-cancer substances Ax7 was studied. Samples of substances
scanned in atomic forced microscope. Analyzing the results showed the middle size of niosomes with incapsulated
antitumor substance is 100 nm. Microviscosity of niosomes is low and elasticity is high, what ensures the passage
of drug through the small capillaries and intercellular space. Silicone niosomes easily integrated into the plasma
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membrane. This improves transport of Ax7 substances into the cell. The results of obtained study of prototype
drug physical properties, demonstrated its high ability to transport anticancer agents Ax7 to glioblastoma.

Key words: glioblastoma, anti-cancer substances Ax7, niosomes, atomic force microscopy

Mccneposanu pmandeckme cBoOMCTBa npenapata pa3pabdoTaHHOM HUOCOMaNbHOM GOPMbl MPOTUBOOMYXOSIEBOIrO
BelLlecTBa Ax7. O6pasupbl Npenapara ckaHMpoBaan Ha aToOMHO-cunoBoM mukpockorne NTEGRA Life (HT-MAT). U3me-
peHne MMKPOBS3KOCTM 060/104KM HNOCOM NPOBOAVM METOA0M NaTtepanbHon anddysnmn rugpodobHoro ¢payopec-
LLeHTHOro 3oHaa nupeHa. dnyopecueHUmio N3MepsaIn ¢ nomoLlbio cnektpodnyopumetpa PH-5301PC (Shimadzu)
(AnoHns). AHanna pe3ynbTaToB Nokasan, 4To CPpeaHUN pa3Mmep HNOCOM C UHKAMNCYANPOBAHHbLIM NPOTUBOOMYXOJ1EBLIM
BewectBoM cocTtaBmi 100 HM. DTO ykasbiBaeT Ha HAHOPA3MEPHOCTU UCMOMb3YEMbIX AN AOCTAaBKU MPOTUBOOMYXO-
neBoro Beulectsa AX7, HUOCOM KPEMHUMOPraHNYeCKOW nNpupoasl. Hnocomsl 061aaaT HU3KOM MUKPOBSSKOCTBIO U
BbICOKOW 3N1aCTUYHOCThIO, YTO 06ecneymBaeT NPOXOXAEHNE CKBO3b MENKME KANUANSPbl U MEXKIETOYHbIE MPOCTPaH-
cTBa. KpeMHuinopraHmyeckme H1OCOMbI IErko BCTpanBaloTCs B NasaMaTndeckne MembpaHbl. OTO yny4dllaeT TpaHc-
nopT BelecTBa AX7 B kneTky. OnpeneneHsl napamMeTpbl GnyopecueHLnn NpoTMBOOMNYXONEBOrO BellecTBa Ax7, KO-
TOopble coCTaBuan Aex= 322 HM 1 hem= 422 HM. Pe3ynbTaThl, NONy4eHHbIE NpU UCCneaoBaHnn Gu3nyeckmx CBONCTB
onbITHOro o6pasua npenapara, NPOAEMOHCTPMPOBAIN ero BbICOKYO CNOCOOHOCTL A1 AOCTAaBKM NPOTMBOOMNYXoe-

BOro BellecTBa AX7 K rmmobnacTome.

Knto4eBble csioBa: mmobiacTomMa, npoTUBOOIYX0/1€BOe BeLLEeCTBO AX7, HUIOCOMbI, aTOMHO-CU1I0Basi MUKPOCKOMUS

hthalen-2-yl)-1H-indol-3-yl)-2-phenylace-

tamide (Ax7) in vitro showed high cytotoxic activity
against cancer cells [1, 2]. However the limitation
of therapeutic use of anti-cancer substances is its
toxicity to normal tissues [3, 5]. A promising approach
to overcome low bioavailability and systemic toxicity
is the application of drug-loaded nanosized drug
carriers, such as polymeric nanoparticles, liposomes,
dendrites and micelles [6, 7, 8]. Use of such carriers
has several advantages compared to systemic
chemotherapy, it can modulate the pharmacokinetics
of existing drugs, and it may be useful to enhance
delivery of anticancer agents to target sites. One
of the new ways to reduce the toxicity of anticancer
agents is its capsulation in niosomes. Niosomes are
the microscopic lamellar structures, are formed on
the admixture of non-ionic surfactant of the alkyl or
dialkyl polyglycerol ether class and cholesterol, with
subsequent hydration in aqueous media [9]. They
resemble liposomes in their architecture and can be
used as an effective alternative to liposomal drug
carriers [10]. Niosomes are a promising vehicle for
drug delivery, and since they are non-ionic, they
are less toxic and improve the therapeutic index of
drugs by restricting their action to target cells. The
characteristics of the vesicle formulation are variable
and controllable. Altering vesicle composition, size,
lamellarity, trapped volume, surface charge and
concentration can control vesicle characteristics.
The vesicles may act as a depot, releasing the drug
in a controlled manner. Niosomes are osmotically
active, stable and increase the stability of the
entrapped drug. They improve oral bioavailability of
poorly absorbed drugs and enhance skin penetration.
Niosomal dispersion in an aqueous phase can be
emulsified in a non-aqueous phase to regulate the
delivery rate of drug and administer normal vesicle
in an external non-aqueous phase. Niosomes have
been proposed for a number of potential therapeutic
applications, i.e., as immunological adjuvants [11],
anticancer and anti-infective drug targeting agents
[12, 13], carriers of anti-inflammatory drugs [4, 14]
and as diagnostic imaging agents [10]. In addition,
niosomes are versatile carrier systems and can be
administered through various routes. Particular
efforts have been aimed at using niosomes as
effective transdermal drug delivery systems [15,

Asynthesized compound of N-hydroxy-2-(2-(nap-

16]. We have developed a method of reducing the
toxicity of anticancer drugs by encapsulating them in
a silicone niosomes having a size of 100 nanometers
as effective transdermal drug delivery systems. This
technique enables to smooth the introduction of the
therapeutic dose and to increase and improve the
effectiveness of the drug due to the deposit of the
drug and an inability to communicate with the formed
elements of the blood. In addition, the incorporation
of anticancer drugs in silicone niosomes having a
large lipophilic effect, allowing them not to penetrate
into the healthy tissues, penetrating only through a
defective capillaries of the skin tumor and thereby
improve their therapeutic effects [3, 4].

Theaimoftheworkwasto studythe physical properties
of the niosome form of anti-cancer substances Ax7.

Material and Methods. To study the size of
niosomes used atomic force microscopy. Sample
preparation was carried out as follows: pre-prepared
samples (blank niosomes encapsulated by Ax7, empty
silver coated niosomes and encapsulated by Ax7 coated
silver niosomes were dissolved in ethanol and then stirred
until complete dissolution and were applied in the form of
several drops on freshly cleaved mica plate, then it was
dried at a room temperature for 1 hour. Further, the plates
with fixed specimens were scanned in the atomic force
microscope, brand NTegra Life (NT-MDT). According
to the obtained data on the topography of the surface,
through the use of application of the programming
tools (NovaPX), a histogram of average size particles
to the scanned area of the substrate was constructed.
All scanned fields had a size 5x5mkm. The modes of
all scanning samples were maintained in the same
parameters. Scanning was performed in tapping mode,
the cantilever HA NC Etalon.

Microviscosity measurement of niosome was
performed by lateral diffusion of the hydrophobic
fluorescent probe of pyrene. Of determination of
microviscosity is based on the formation of excimers
(active dimers) of piren in the lipid environment
[17, 18, 19]. Piren fluorescence was measured by a
spectrofluorimeter RF-5301PC (Shimadzu) (Japan). The
effectiveness of the inclusion of the drug in niosomes was
determined by the formula:

El= Chios/Coveranx100.

Where El - the effectiveness of inclusion. C nios — the
concentration of the drug in niosomes. C overall — the
total drug concentration in the solution.
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The results were processed statistically using the
Student t-test (the significance of differences was
considered at p<0.05).

Results and Discussion. The histogram of the
first sample showed that scanned using atomic force
microscopy prototypes nanocontainers silicone nature
(niosomes) have dimensions of about 100 nm (Fig. 1A).

The presence of PEG (polyethylene glycol moiety) de-
termines the stability of the hydrophilic environments and
protection from attack by cells of the reticuloendothelial
system.

Further [2] and its penetration into the lipid bilay-
er miviscosite membranes can be reduced. Since there
are published data whereby cytostatics increased mem-
brane fluidity. Previously it has been shown that increas-

Average Size

1F:Height1

um

5
a
L - l

ing concentrations of 2-aryl-2-(3-indolyl)
acetohydroxamic acid relative GI50 2-3
times causes dramatic accumulation of
large vacuoles, which ultimately leads to
disruption of membrane integrity and cell
death. The mechanism of this process
remains unclear [1, 2]. According to the
literature with increasing flow membrane
becomes permeable to water and other
small hydrophilic molecules, increasing
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change in lipid yield is probably not too
much to affect the activity of the protein.
But if the protein performs the transport
function and the transport component
crosses the membrane, the properties of
the lipid phase change can lead to a sig-
nificant change in the rate of transport of
substances across membranes [18, 19].
In our case displayed above the pheno-
typic characteristics of the impact on the
cancer cells of 2-aryl-2-(3-indolyl) aceto-
hydroxamic acids may be associated with
such not apoptopic types of cell death is
programmed necrosis, autophagy, parap-

Fig. 1. The Atomic force microscopy niosomes and histograms of average size:
A - intact niosomes; B — niosomes encapsulated substance Ax7

Encapsulation in niosomes anticancer agents in-
creased their dimensions. Data characterizing the 2 sam-
ple showed a predominance of particles of 100 to 140 nm
(Fig. 1B). The substance is poorly soluble in water and
thus occurs in a shell embedding niosomes. This increas-
es the size of niosomes.

We have studied the possibility of using pyrene to
characterize the physical properties of niosomes. As
a result of this work showed that when incorporating
pyrene into niosomes maximum at fluorescence 460-
470 nm, which is associated with the appearance of the
excimer fluorescence form. In our case, an increase
of the excimer fluorescence form indicates that
niosomes have lower microviscosity compared with cell
membrane. The presence of organic silicon polymer
in niosomes makes them more stable and osmotically
active.

Identified changes in the physical properties of nio-
some in our opinion are due to the fact, the length of
Si—0 bond length C-C, so the molecule is PEG - 12 of
dimethicone is more elastic then phospholipids used in
the formation of vesicles (liposomes), and is capable of
forming vesicles without significant energy efforts. Si
bond length 1,6 A (bond length of surfactants analogues
C-C 1.4 A), the bond angle Si-O-Si is 130 degrees, 109
degrees opposed to the C-C-C, which leads to increased
elasticity and stability [3, 4].

Communication Si—-O-Si rotates and therefore also
has a high elasticity. Due to this, when embedding nio-
somes membrane phospholipid bilayer fluidity increases.
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toz, metuozis, pay attention to the part
scientific community as an alternative
strategy to fight tumors resistant to apop-
tosis. The dependence of the observed
phenotypic effect of the concentration of 2-aryl-2-(3-in-
dolyl) acetohydroxamic acids allows the selective effect
on cancer cells (Fig. 2).
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Fig. 2. Redifferentiation cancer cell phenotype astrocyte
U87 3aaa: 3-day glioblastoma cancer cells (A); after application
of cells Ax7 substance for 3 days (B); the cells after application
AX7 substance for 33 days at a dose of 7 uM (C)

Analysis of the intensity ratio Is72 / lsg3 indicates a
change in the polarity of the environment of monomeric
pyrene probe molecules in the interaction of erythrocyte
membranes niosomal form of the drug. Polarity anular
lipids varies in a similar manner. However, these chang-
es are more pronounced, in comparison with free lipids.
This may be explained by the interaction of the drug with
membrane Bellamy and cause the development process
redifferentiating damaged cells.

We have studied the ability to do the of fluorescence
anti-cancer substances Ax7. Experimentally established
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wavelengths of excitation and emission, for which made Ec=
322 nm and Eg,,= 422 nm. When the concentration of Ax7 in
niosomes increases in fluorescence intensity increases too.
Based on the results of calibration curve for the study of the
degree of incorporation Ax7 in niosomes was constructed.
The effectiveness of the inclusion of the drug in nio-
somes is more than 80 %, which we believe is due to lipophil-
ic substances and used as a solvent, 1, 2 — propylene glycol.
Conclusions. The average particle size analysis us-
ing atomic force microscopy prototype drug showed
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