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Abs tract

Nanosuspensions of ar senic sul fide (As4S4) poly morphs
(realgar and pararealgar) were pre pared by cir cu la tion mill, 
with av er age par ti cle size be low 150 nm. The
nanosuspensions were sta ble up to six weeks. Their
anti-can cer ef fects were tested and com pared on hu man
lung can cer H460 cell line. In duc tion of DNA dam age and
in crease of apoptotic cells was ob served. The ar senic dis so -
lu tion from the nanosuspensions in sim u lated gas tric and
in tes ti nal flu ids reached 12–13.5%. 

In tro ducti on

Ar senic sul fides have been uti lized for a long time in the
man u fac ture of cos me tics, foods, glass, in sec ti cides, pig -
ments, and in med i cine as well [1]. In West ern med i cine,
ap prox i mately 60 dif fer ent ar senic prep a ra tions have been
de vel oped and used in phar ma co log i cal his tory. In tra di -
tional Chi nese med i cines dif fer ent forms of min eral ar sen -
ic als are used, and realgar alone is in cluded in 22 oral
rem e dies, rec og nized by the Chi nese Phar ma co peia Com -
mit tee (2005). In the re cent years its po ten tial anticancer ef -
fects have been stud ied [2,3]. Pro duc tion of nanocrystals is
an ap proach to in crease the drug sol u bil ity and its
bioavailability. Here, the ar senic sul fides were pre pared as
nanosuspensions in cir cu la tion mill.

The As4S4 has at least three dis tinct poly morphs: i) the

a-As4S4 phase, with monoclinic crys tal struc ture (space
group P21/n), struc tur ally iden ti cal to the min eral realgar,
which is sta ble at room tem per a ture, ii) the high tem per a -

ture phase, b-As4S4, with base-cen tered monoclinic crys tal
struc ture (space group C2/c) sta ble above 260 °C, which

slowly reconverts to the a-phase upon cool ing, iii) and the
monoclinic pararealgar (space group P21/c) bright yel low

prod uct formed upon ex po sure to vis i ble light of both red a

and b-phases [4]. There are two As–As co va lent bonds and
four As–S–As co va lent bridges in the As4S4 sub units of

both realgar (a or b-phase) and pararealgar. Trans for ma -
tion from realgar to pararealgar needs re ar range ment of the
mo lec u lar sub units in volv ing As–S and As–As bond
break ing.

Ex pe ri men tal

The in ves ti ga tion was car ried out with min eral realgar –
sam ple A, col lected from Allchar lo cal ity (R. Mac e do nia)
and pararealgar. The pararealgar was pre pared innovately
by mill ing – sam ple B (plan e tary mill Pulverisette 6,

Fritzsch, Ger many, sam ple weight 5 g, rev o lu tions of the
mill ing shaft 400 min-1, mill ing time 60 min) or clas si cally,
by ex po sure of realgar to sun light for 1 month – sam ple C.
The prep a ra tion of the nanosuspensions was per formed in a 
lab o ra tory cir cu la tion mill MiniCer (Netzsch, Ger many) in
the pres ence of 300 mL of 0.5% polyvinylpyrrolidone
(PVP) so lu tion as nonionic sta bi lizer. PVP is one of the
most used car ri ers for the prep a ra tion of nanosuspensions
for med i cal ap pli ca tion. The mill was loaded with yt trium
sta bi lized ZrO2 mill ing balls. Af ter mill ing, the re sult ing

nanoparticle sus pen sions were fil trated through a 0.22 mm
ster ile fil ter.

X-ray dif frac tion mea sure ments were car ried out us ing
a D8 Ad vance diffractometer (Bruker, Ger many) equipped

with a Q/Q goniometer, Cu Ka ra di a tion (40 kV, 40 mA),
sec ond ary graph ite mono chro ma tor, and scin til la tion de -
tec tor. The dif frac tion data were col lected over an an gu lar

range 10 < 2Q < 100° with steps 0.03° and a count ing time
20 s/step. The com mer cial Diffracplus Eva soft ware has
been used for phase anal y sis ac cord ing to the ICDD - PDF2 
database. 

The par ti cle size dis tri bu tion was mea sured by pho ton
cross-cor re la tion spec tros copy us ing a Nanophox par ti cle
sizer (Sympatec, Ger many).

Dis so lu tion tests were con ducted in sim u lated gas tric
fluid (SGF) com posed of 0.2% NaCl in 0.7% HCl (pH =
1.3) and in a sim u lated in tes ti nal fluid (SIF) com posed of
0.042 % NaOH, 0.4 % NaH2PO4.9H2O and 0.6% NaCl
with pH 6.5 at 36.5°C over a pe riod of 240 min utes. The
cytotoxicity on hu man lung can cer H460 was de ter mined
by col ony form ing as say. H460 cells were seeded onto
6-well plates with a den sity of 60 cells per well and in cu -
bated over night. The cells were then treated with sam ples
at var i ous con cen tra tions (0.156, 0.625, 1, 4, 16 and 64

mg/ml). Af ter in cu ba tion for 10 days the val ues of 50% in -
hi bi tion con cen tra tion (IC50) were de ter mined. Cell cy cle
pro gres sion was mon i tored us ing DNA flow cytometry.

Re sults

Char ac ter iza tion of the ma te ri als 
Realgar – sam ple A.
High-pu rity min eral, realgar, crys tal liz ing in monoclinic
crys tal struc ture, space group P21/n, JCPDS 01-076-9449
(Fig. 1a).
Pararealgar – sam ple B and C, pre pared by two al ter na tive
path ways:

B - Mill ing of realgar in a plan e tary mill Pulverisette 6.
The XRD pat tern of the sam ple af ter mill ing is shown on

Fig.1c, the pararealgar- b phase, crys tal liz ing in the base



cen tered monoclinic sys tem, space
group C2/c, JCPDS 01-075-8666 was
con firmed (Fig.1b). Line broad en ing and 
rel a tive in ten sity de crease in di cate the
de crease of crystallite size and
amorphization. 

C - Ir ra di a tion of realgar by sun light
dur ing one month. Ab sorp tion of vis i ble
pho tons with en er gies in the range
1.85–2.48 eV leads to ir re vers ible
isomerization of realgar to pararealgar,
whereby the po si tions of one ar senic
atom and one sul fur atom in the As4S4

clus ter be come ex changed [5], the pro -
cess is ac com pa nied by vis i ble color
change of the min eral from red to yel -
low. The trans for ma tion, re al ized by
struc tural re ar range ment and
bond-break ings, leads also to con sid er -
able amorphization, as it can be seen
from the XRD pat tern on Fig. 1c. The
prod uct is a struc tur ally non-ho mo ge -
neous, multiphase sys tem, with the main
com po nent pararealgar (monoclinic

P21/c phase, JCPDS 01-083-1013) and b
- phase. Non-trans formed realgar can be
also de tected. 

The nanosuspensions were pre pared
from sam ples A and C. The es ti mated av -
er age par ti cle size x50 was 137 nm (142
nm) for the realgar (pararealgar)
nanosuspensions, re spec tively, and 99%
of par ti cles were con firmed to be smaller 
than 200 nm. In ter est ingly, the main
pararealgar com po nent, pres ent in the
sam ple C, can not be de tected in the ob -
tained nanosuspension, which is com -

posed of the ma jor ity pararealgar-b
phase and of some non-trans formed
realgar (Fig. 2).

Dis so lu tion in sim u lated gas tric and in -
tes ti nal flu ids
Great rise in the sol u bil ity of ar senic was
achieved by nanomilling, the amount of dis solved ar senic
af ter 240 min utes of leach ing in SGF + SIF in creased from
2% to 12% (13.5%) for the nanomilled realgar
(pararealgar), re spec tively. These re sults are very prom is -
ing with re spect to the pub lished lit er a ture re sults. For com -
par i son, only 0.6% of ar senic of the to tal realgar con tent
was fi nally re leased into sim u lated gas tric juice in [6],
whereas some au thors re ported that 4% of ar senic from
realgar were traced in gas tric and in tes ti nal flu ids [7].

Anti-can cer ef fects
The nanomilled sam ples showed in creased cytotoxicity.
The val ues of 50% in hi bi tion con cen tra tion (IC50) of milled 

sam ples to H460 cells were 0.033 (0.031) mg/mL for the
nanomilled realgar (pararealgar). For com par i son, this con -
cen tra tion for the used anti-can cer agent, cisplatin, is 0.01

mg/mL. In gen eral, the re sults im ply that the lung can cer
cells are sus cep ti ble to the treat ment with these sam ples.

Cell cy cle pro gres sion and in duc tion of apoptotic cells
The H460 cells were treated with var i ous con cen tra -

tions of ar senic sul fides for 24, 48 and 72 h. The cell cy cle
dis tri bu tion was de ter mined, mon i tor ing the G1 (growth
phase), S (DNA rep li ca tion phase) and G2/M (growth
phase im me di ately pre ced ing cell mitosis) phases.

The treat ment of H460 cells with nanomilled A and C
sam ples for 24 and 48 h re sulted in re duc tion of G1 phase,
ac cu mu la tion of G2/M phase, and ap pear ance of SubG1
cells (in di cat ing apoptotic cells). Sim i larly to cisplatin, sig -
nif i cantly in creased num ber of SubG1 cells was ob served
af ter 72 h, in di cat ing the cell cy cle in ter fer ence which may
trig ger the apoptotic pathways. 
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Fig ure 1. XRD pat terns show ing the phase com po si tion of the source sam ples for prep a -
ra tion of nanosuspensions. 



Sum ma ry

Nanosuspensions of realgar and light ir ra di ated realgar

(com posed of pararealgar, b-phase and realgar) with av er -
age par ti cle size be low 150 nm were pre pared in a cir cu la -
tion mill.  The nanosuspensions were sta ble for more then
one month. They have shown in creased cytotoxicity and
DNA dam age ac tiv ity on H460 lung can cer cells, with ac -
cu mu la tion of G2/M phase in duc ing apoptotic cells.
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Fig ure 2. XRD pat tern of the nanomilled sam ple C (light-ir ra di ated realgar).
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Fig ure 3. Cell cy cle per tur ba tion and apoptotic cell death in duced 
by nanosuspensions pre pared from sam ples A and C, and
cisplatin for com par i son. 
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Sklovina patøí k nejvíce namáhaným anorganickým kom -
po nentám v tìlech savcù a významným zpùsobem ovliv -
òuje kvalitu a délku života jedince. Její odolnost závisí na
vzájemném uspoøádání agregátù hydroxyl apatitových
krystalitù (HAP) a jejich vlastnostech. Zatímco na orga ni -
za ci agregátù se spolupodílí bunìèná aktivita (amelo blas -
ty), pøípadnì pre-existující organická matrice, vliv
vlastností HAP na kvalitu skloviny nebyl doposud dosta -

teè nì zkoumán. Zde prezentovaná modelová studie se
zabývá mikrostrukturou HAP molárù s rozdílnou délkou
pre-eruptivního vývojového stádia u laboratorních
miniprasat a její implikace pro výslednou kvalitu skloviny.
Naše výsledky potvrzují, že délka pre-eruptivního stádia
má pozitivní vliv na kvalitu skloviny, pøièemž vliv
mechanického opotøebení zubu na mikrostrukturu byl
vylouèen.
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Poly mer nanofibers find use in a wide range of ar eas such
as: fil tra tion [1], pro tec tive cloth ing, pharmaceuticals [2],
tis sue en gi neer ing [3], etc. The great est at ten tion of all
poly meric fi bers at tracts ny lon 6 due to its ex traor di nary
prop er ties: biodegradability, biocompatibility and good
me chan i cal prop er ties [4]. Var i ous ex per i men tal ar range -
ments and equipments have been de scribed in lit er a ture for
spin ning of ny lon 6 nanofibers ei ther by melt spin ning us -
ing ex trud er at tached to a pump, see for ex am ple [5]) or by
electrospinning with sy ringe at tached to cap il lary tip con -
nected to pos i tive elec trode [6]. Mor phol ogy and struc ture
of the fi bers pre pared by these tech niques has been char ac -
ter ized in de pend ence on spin ning con di tions and tech nol -
ogy pa ram e ters [6,7]. How ever, the struc ture of fi bers
pre pared by NANOSPIDER tech nol ogy is less stud ied, al -
though this tech nol ogy is in dus tri ally used and for prac tice
more sig nif i cant. This study is de voted to the struc ture
anal y sis of ny lon 6 nanotextile pre pared by NANO -
SPIDER tech nol ogy un der var i ous con di tions and for var i -
ous tech nol ogy pa ram e ters. 

It is well known, that ny lon 6 is poly mor phic, hav ing

the fol low ing crys tal struc tures: (1) The a- form de scribed

by Brill [8] and Holmes et al. [9] and (2) the g-form de ter -
mined by Holmes et al. [9]. Both struc tures are monoclinic
and dif fer from each other by ar range ment of the poly meric 
chains, as one can see in fig ure 1.  It is also known, that the

melt spin ning us ing ex trud er or electrospinning us ing cap -
il lary tip con nected to pos i tive elec trode re sults in ny lon 6

nanofibers com posed of 3 struc tural phases: a, g and amor -
phous part and their mu tual pro por tion de pends on spin -
ning pa ram e ters. Phase com po si tion of ny lon 6 nanofibers
pre pared by nanospider tech nol ogy has not been in ves ti -
gated. Pres ent work deals with the ef fect of spin ning dis -
tance (i.e. dis tance be tween nanospider elec trodes) on the
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Fig ure 1: Ar range ment of poly mer chains in ab plane in

crys tal struc ture of a-phase (left) and g-phase (right).
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struc ture of ny lon 6 nanofibers, pre pared in lab o ra tory
nanospider typ NS Pro duc tion Line NS 1 WSU.

Four nanotextile sam ples have been pre pared for spin -
ning dis tance: 150, 200, 250 and 300 mm. Wide an gle
X-ray scat ter ing ob serv able for all sam ples ex hib its dif -

frac tion pro file, which in di cates the pres ence of a and g
phase with a con tri bu tion of amor phous com po nent. Ex am -
ple of such a pro file is in the fig ure 2. Shoul ders on the pro -

file in di cate the pres ence of a-phase, while the cen tral main 

peak cor re sponds to g-phase. Large broad en ing shows a
very poor crystallinity and the pres ence of amor phous
phase.

Un rav el ing of the dif frac tion pro files for all spin ning
dis tances used in our ex per i ment showed that: 

• In crease of the spin ning dis tance leads to higher de -
gree of crystalinity, i.e. de crease of amor phous com -
po nent and in crease of crys tal lite size 

• In crease of the spin ning dis tance led also to the in -

creased pro por tion of a-phase in the sam ple.

• For all sam ples i.e. all spin ning dis tances 150-300
mm, the nanotextile ex hib its the strong tex ture,
where the poly mer fi ber axis in 020  di rec tion for
both phases is pref er en tially ori ented in the tex tile
plane. The de gree of pre ferred ori en ta tion within in -
di vid ual fi bers can't be es ti mated.

• Crys tal lite size roughly es ti mated was 5-10 nm,

while the av er age fi ber di am e ter was 50-250 nm. In -
creas ing spin ning dis tance re sults in thin ner fi bers
and in better ho mo ge ne ity in fi ber di am e ters and
smaller num ber of fail ures hav ing the shape of beads
on fi bers.
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Fig ure 2. Dif frac tion pro file of ny lon 6 nanotextile pre pared for

spin ning dis tance 15 cm (ra di a tion CuKa). 

Fig ure 3. Nanotextiles pre pared for spin ning dis tance 150 mm
(top) and 300 mm (bottom).
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Ti tan ate nanotubes (Ti-NT)  are very prom is ing ma te rial
with many pos si ble ap pli ca tions in bionedicine, in so lar
cells, lith ium bat ter ies, fuel cells etc [1]. Their struc ture is
not fully undertood and there ex ists sev eral pos si ble
stuctures of Ti-NT [1]. The study of tem per a ture sta bil ity
of Ti-NT is im por tant be cause some of pos si ble ap pli ca -
tions of Ti-NT re quire heat ing [1]. By heat ing of Ti-NT ti -
tan ate nanowires are ob tained. Sim i larly to Ti-NT sev eral
pos si ble phases of ti tan ate nanowires can be dis cov ered as
for ex am ple: Na2Ti6O13 [2], Na2Ti3O7 [2], rutile phase of
TiO2 [2-4], ana tase phase of TiO2 [2], [3], beta TiO2 [4].
The fi nal struc ture de pends also on the amount of so dium
ions if some are pres ent in orig i nal Ti-NT sam ple.

In this con tri bu tion, the struc ture of Ti-NT  will be
briefly in tro duced and mainly the struc ture of ti tan ate
nanorods and ti ta nia nanowires will be discused.  The study 
of ti tan ate nanorods was done by com bi na tion of pow der
X-ray dif frac tion and 3D ro ta tion elec tron dif frac tion. The
ti tan ate nanorods were pre pared by heat ing of ti tan ate

nanotubes up to 850 °C. The struc ture of fi nal prod uct at

850 °C de pends on heat ing con di tions and time of heat ing.
We stud ied  sam ples - heated in air and in  vac uum. The
heat ing in air were done in fol low ing way: firstly the sam -

ple was heated at 850 °C for 105 min utes and  for 1000

min utes, the last heat ing was at 900 °C for 1000 min utes.
The heat ing in vac uum was don sim i lar way: firstly heated

at 850 °C for 105 min utes and 3000 min utes, then at 900 °C 

for 3000 min utes and last heat ing was at 1000 °C for 3000
min utes. Dif fer ences be tween sam ples heated in air and
vac uum are that in air is ob served so dium hexatitanate,
ana tase and rutile but sam ple heated in vac uum has only
vis i ble dif frac tion lines from ana tase witch af ter wards 
trans form to rutile.
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