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Abstract

Nanosuspensions of arsenic sulfide (AssSs) polymorphs
(realgar and pararealgar) were prepared by circulation mill,
with average particle size below 150 nm. The
nanosuspensions were stable up to six weeks. Their
anti-cancer effects were tested and compared on human
lung cancer H460 cell line. Induction of DNA damage and
increase of apoptotic cells was observed. The arsenic disso-
lution from the nanosuspensions in simulated gastric and
intestinal fluids reached 12—13.5%.

Introduction

Arsenic sulfides have been utilized for a long time in the
manufacture of cosmetics, foods, glass, insecticides, pig-
ments, and in medicine as well [1]. In Western medicine,
approximately 60 different arsenic preparations have been
developed and used in pharmacological history. In tradi-
tional Chinese medicines different forms of mineral arsen-
icals are used, and realgar alone is included in 22 oral
remedies, recognized by the Chinese Pharmacopeia Com-
mittee (2005). In the recent years its potential anticancer ef-
fects have been studied [2,3]. Production of nanocrystals is
an approach to increase the drug solubility and its
bioavailability. Here, the arsenic sulfides were prepared as
nanosuspensions in circulation mill.

The AssS, has at least three distinct polymorphs: 1) the
a-AssSy phase, with monoclinic crystal structure (space
group P2,/n), structurally identical to the mineral realgar,
which is stable at room temperature, ii) the high tempera-
ture phase, B-As4S,, with base-centered monoclinic crystal
structure (space group C2/c) stable above 260 °C, which
slowly reconverts to the a-phase upon cooling, iii) and the
monoclinic pararealgar (space group P2,/c) bright yellow
product formed upon exposure to visible light of both red o
and B-phases [4]. There are two As—As covalent bonds and
four As—S—As covalent bridges in the As;S4 subunits of
both realgar (o or B-phase) and pararealgar. Transforma-
tion from realgar to pararealgar needs rearrangement of the
molecular subunits involving As—S and As—As bond
breaking.

Experimental

The investigation was carried out with mineral realgar —
sample A, collected from Allchar locality (R. Macedonia)
and pararealgar. The pararealgar was prepared innovately
by milling — sample B (planetary mill Pulverisette 6,

Fritzsch, Germany, sample weight 5 g, revolutions of the
milling shaft 400 min', milling time 60 min) or classically,
by exposure of realgar to sunlight for 1 month — sample C.
The preparation of the nanosuspensions was performed in a
laboratory circulation mill MiniCer (Netzsch, Germany) in
the presence of 300 mL of 0.5% polyvinylpyrrolidone
(PVP) solution as nonionic stabilizer. PVP is one of the
most used carriers for the preparation of nanosuspensions
for medical application. The mill was loaded with yttrium
stabilized ZrO, milling balls. After milling, the resulting
nanoparticle suspensions were filtrated through a 0.22 pm
sterile filter.

X-ray diffraction measurements were carried out using
a D8 Advance diffractometer (Bruker, Germany) equipped
with a ®/@ goniometer, Cu K,, radiation (40 kV, 40 mA),
secondary graphite monochromator, and scintillation de-
tector. The diffraction data were collected over an angular
range 10 <20 < 100° with steps 0.03° and a counting time
20 s/step. The commercial Diffrac™ Eva software has
been used for phase analysis according to the ICDD - PDF2
database.

The particle size distribution was measured by photon
cross-correlation spectroscopy using a Nanophox particle
sizer (Sympatec, Germany).

Dissolution tests were conducted in simulated gastric
fluid (SGF) composed of 0.2% NaCl in 0.7% HCI (pH =
1.3) and in a simulated intestinal fluid (SIF) composed of
0.042 % NaOH, 0.4 % NaH,P0O4.9H,0 and 0.6% NaCl
with pH 6.5 at 36.5°C over a period of 240 minutes. The
cytotoxicity on human lung cancer H460 was determined
by colony forming assay. H460 cells were seeded onto
6-well plates with a density of 60 cells per well and incu-
bated overnight. The cells were then treated with samples
at various concentrations (0.156, 0.625, 1, 4, 16 and 64
pg/ml). After incubation for 10 days the values of 50% in-
hibition concentration (ICsy) were determined. Cell cycle
progression was monitored using DNA flow cytometry.

Results

Characterization of the materials
Realgar — sample A.
High-purity mineral, realgar, crystallizing in monoclinic
crystal structure, space group P2,/n, JCPDS 01-076-9449
(Fig. 1a).
Pararealgar — sample B and C, prepared by two alternative
pathways:

B - Milling of realgar in a planetary mill Pulverisette 6.
The XRD pattern of the sample after milling is shown on
Fig.1c, the pararealgar-  phase, crystallizing in the base
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centered monoclinic system, space @ P
group C2/c, JCPDS 01-075-8666 was -,
confirmed (Fig.1b). Line broadening and .
relative intensity decrease indicate the 100 |
decrease of crystallite size and =
amorphization. S=7

C - Irradiation of realgar by sunlight =™ _
during one month. Absorption of visible %: E
photons with energies in the range £ i
1.85-2.48 eV leads to irreversible o ] |
isomerization of realgar to pararealgar, 0 |
whereby the positions of one arsenic "o Jw ﬁ N
atom and one sulfur atom in the As;Sy e =
cluster become exchanged [5], the pro- b it
cess is accompanied by visible color 120
change of the mineral from red to yel- x|
low. The transformation, realized by 1o
structural rearrangement and =]
bond-breakings, leads also to consider- S =
able amorphization, as it can be seen 2™ |
from the XRD pattern on Fig. 1c. The -g“” ]
product is a structurally non-homoge- £ -
neous, multiphase system, with the main "
component pararealgar (monoclinic :_
P2,/c phase, JCPDS 01-083-1013) and 3 cee I\
- phase. Non-transformed realgar can be o i
also detected. b

The nanosuspensions were prepared ¢ S
from samples A and C. The estimated av- bl
erage particle size xsp was 137 nm (142 =
nm) for the realgar (pararealgar) L: ]
nanosuspensions, respectively, and 99% g,m ]
of particles were confirmed to be smaller S = -|
than 200 nm. Interestingly, the main 2z |
pararealgar component, present in the 2=
sample C, can not be detected in the ob-
tained nanosuspension, which is com- :i
posed of the majority pararcalgar-f3 o
phase and of some non-transformed o

Sample C
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realgar (Fig. 2).

Dissolution in simulated gastric and in-
testinal fluids

Great rise in the solubility of arsenic was
achieved by nanomilling, the amount of dissolved arsenic
after 240 minutes of leaching in SGF + SIF increased from
2% to 12% (13.5%) for the nanomilled realgar
(pararealgar), respectively. These results are very promis-
ing with respect to the published literature results. For com-
parison, only 0.6% of arsenic of the total realgar content
was finally released into simulated gastric juice in [6],
whereas some authors reported that 4% of arsenic from
realgar were traced in gastric and intestinal fluids [7].

Anti-cancer effects

The nanomilled samples showed increased cytotoxicity.
The values of 50% inhibition concentration (ICs) of milled
samples to H460 cells were 0.033 (0.031) pg/mL for the
nanomilled realgar (pararealgar). For comparison, this con-
centration for the used anti-cancer agent, cisplatin, is 0.01

2 Theta

Figure 1. XRD patterns showing the phase composition of the source samples for prepa-
ration of nanosuspensions.

pg/mL. In general, the results imply that the lung cancer
cells are susceptible to the treatment with these samples.

Cell cycle progression and induction of apoptotic cells

The H460 cells were treated with various concentra-
tions of arsenic sulfides for 24, 48 and 72 h. The cell cycle
distribution was determined, monitoring the G1 (growth
phase), S (DNA replication phase) and G2/M (growth
phase immediately preceding cell mitosis) phases.

The treatment of H460 cells with nanomilled A and C
samples for 24 and 48 h resulted in reduction of G1 phase,
accumulation of G2/M phase, and appearance of SubGl
cells (indicating apoptotic cells). Similarly to cisplatin, sig-
nificantly increased number of SubGl1 cells was observed
after 72 h, indicating the cell cycle interference which may
trigger the apoptotic pathways.
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Figure 2. XRD pattern of the nanomilled sample C (light-irradiated realgar).
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Figure 3. Cell cycle perturbation and apoptotic cell death induced
by nanosuspensions prepared from samples A and C, and
cisplatin for comparison.

Summary

Nanosuspensions of realgar and light irradiated realgar
(composed of pararealgar, B-phase and realgar) with aver-
age particle size below 150 nm were prepared in a circula-
tion mill. The nanosuspensions were stable for more then
one month. They have shown increased cytotoxicity and
DNA damage activity on H460 lung cancer cells, with ac-
cumulation of G2/M phase inducing apoptotic cells.
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Sklovina patii k nejvice namahanym anorganickym kom-
ponentam v télech savel a vyznamnym zptisobem ovliv-
nyje kvalitu a délku zivota jedince. Jeji odolnost zavisi na
vzajemném uspoiaddni agregati hydroxylapatitovych
krystaliti (HAP) a jejich vlastnostech. Zatimco na organi-
zaci agregatl se spolupodili bunécné aktivita (ameloblas-
ty), pripadné pre-existujici organicka matrice, vliv
vlastnosti HAP na kvalitu skloviny nebyl doposud dosta-

SL27

te¢n¢ zkouman. Zde prezentovana modelova studie se
zabyva mikrostrukturou HAP molart s rozdilnou délkou
pre-eruptivniho  vyvojového staddia u laboratornich
miniprasat a jeji implikace pro vyslednou kvalitu skloviny.
Nase vysledky potvrzuji, ze délka pre-eruptivniho stadia
ma pozitivni vliv na kvalitu skloviny, pfi¢emz vliv
mechanického opotiebeni zubu na mikrostrukturu byl
vyloucen.
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Polymer nanofibers find use in a wide range of areas such
as: filtration [1], protective clothing, pharmaceuticals [2],
tissue engineering [3], etc. The greatest attention of all
polymeric fibers attracts nylon 6 due to its extraordinary
properties: biodegradability, biocompatibility and good
mechanical properties [4]. Various experimental arrange-
ments and equipments have been described in literature for
spinning of nylon 6 nanofibers either by melt spinning us-
ing extruder attached to a pump, see for example [5]) or by
electrospinning with syringe attached to capillary tip con-
nected to positive electrode [6]. Morphology and structure
of the fibers prepared by these techniques has been charac-
terized in dependence on spinning conditions and technol-
ogy parameters [6,7]. However, the structure of fibers
prepared by NANOSPIDER technology is less studied, al-
though this technology is industrially used and for practice
more significant. This study is devoted to the structure
analysis of nylon 6 nanotextile prepared by NANO-
SPIDER technology under various conditions and for vari-
ous technology parameters.

It is well known, that nylon 6 is polymorphic, having
the following crystal structures: (1) The o- form described
by Brill [8] and Holmes et al. [9] and (2) the y-form deter-
mined by Holmes et al. [9]. Both structures are monoclinic
and differ from each other by arrangement of the polymeric
chains, as one can see in figure 1. It is also known, that the

melt spinning using extruder or electrospinning using cap-
illary tip connected to positive electrode results in nylon 6
nanofibers composed of 3 structural phases: o, y and amor-
phous part and their mutual proportion depends on spin-
ning parameters. Phase composition of nylon 6 nanofibers
prepared by nanospider technology has not been investi-
gated. Present work deals with the effect of spinning dis-
tance (i.e. distance between nanospider electrodes) on the

Figure 1: Arrangement of polymer chains in ab plane in
crystal structure of a-phase (left) and y-phase (right).
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Figure 2. Diffraction profile of nylon 6 nanotextile prepared for
spinning distance 15 cm (radiation CuKa).

structure of nylon 6 nanofibers, prepared in laboratory
nanospider typ NS Production Line NS 1 WSU.

Four nanotextile samples have been prepared for spin-
ning distance: 150, 200, 250 and 300 mm. Wide angle
X-ray scattering observable for all samples exhibits dif-
fraction profile, which indicates the presence of o and y
phase with a contribution of amorphous component. Exam-
ple of such a profile is in the figure 2. Shoulders on the pro-
file indicate the presence of ai-phase, while the central main
peak corresponds to y-phase. Large broadening shows a
very poor crystallinity and the presence of amorphous
phase.

Unraveling of the diffraction profiles for all spinning
distances used in our experiment showed that:

¢ Increase of the spinning distance leads to higher de-
gree of crystalinity, i.e. decrease of amorphous com-
ponent and increase of crystallite size

* Increase of the spinning distance led also to the in-
creased proportion of a-phase in the sample.

 For all samples i.e. all spinning distances 150-300
mm, the nanotextile exhibits the strong texture,
where the polymer fiber axis in (020) direction for
both phases is preferentially oriented in the textile
plane. The degree of preferred orientation within in-
dividual fibers can't be estimated.

* Crystallite size roughly estimated was 5—-10 nm,
while the average fiber diameter was 50—250 nm. In-
creasing spinning distance results in thinner fibers
and in better homogeneity in fiber diameters and
smaller number of failures having the shape of beads
on fibers.

Figure 3. Nanotextiles prepared for spinning distance 150 mm
(top) and 300 mm (bottom).
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Titanate nanotubes (Ti-NT) are very promising material
with many possible applications in bionedicine, in solar
cells, lithium batteries, fuel cells etc [1]. Their structure is
not fully undertood and there exists several possible
stuctures of Ti-NT [1]. The study of temperature stability
of Ti-NT is important because some of possible applica-
tions of Ti-NT require heating [1]. By heating of Ti-NT ti-
tanate nanowires are obtained. Similarly to Ti-NT several
possible phases of titanate nanowires can be discovered as
for example: Na,Ti50,; [2], Na,Ti;07 [2], rutile phase of
TiO, [2-4], anatase phase of TiO, [2], [3], beta TiO, [4].
The final structure depends also on the amount of sodium
ions if some are present in original Ti-NT sample.

In this contribution, the structure of Ti-NT will be
briefly introduced and mainly the structure of titanate
nanorods and titania nanowires will be discused. The study
of titanate nanorods was done by combination of powder
X-ray diffraction and 3D rotation electron diffraction. The
titanate nanorods were prepared by heating of titanate
nanotubes up to 850 °C. The structure of final product at
850 °C depends on heating conditions and time of heating.
We studied samples - heated in air and in vacuum. The
heating in air were done in following way: firstly the sam-
ple was heated at 850 °C for 105 minutes and for 1000

minutes, the last heating was at 900 °C for 1000 minutes.
The heating in vacuum was don similar way: firstly heated
at 850 °C for 105 minutes and 3000 minutes, then at 900 °C
for 3000 minutes and last heating was at 1000 °C for 3000
minutes. Differences between samples heated in air and
vacuum are that in air is observed sodium hexatitanate,
anatase and rutile but sample heated in vacuum has only
visible diffraction lines from anatase witch afterwards
transform to rutile.
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