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Introduction

Cancer is a great threat to the healt
millions of deaths every yea
undeveloped countries.!')
aneurysms (UIAs) occur i

ings and causes

ptfed intracranial
ult population, and
improved quality, it

reduce the mortality r%@af cancer, chemists and biologist have
devoted considerable ¢ ¢ to developing new anticancer
reagents based on natural/or synthetic compounds for treating
cancer with improved efficacy and less toxicity. Among the
synthetic compounds for anticancer activity evaluation, metal-
based compounds formed by chelating an organic ligand with a
metal ion via coordination bonds have drawn the attention of
scientists all over the world since the discovery and success of
the famous anticancer drug cisplatin and its analogues, it still
being one of the best-selling and effective anticancer drugs to
date. However, cisplatin and its analogues have some draw-
backs, especially their severe side effects, which can result in
damage to normal human tissues and therefore limits their large
dose of administration.[**! Metal-organic complexes based on
less toxic elements such as Cu" and Co'"" have been constructed
for the purpose of addressing the clinical problems of platinum-
based anticancer drugs.

The coordination complexes constructed from the transition
metal elements along with multidentate heterocyclic ligands
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he anticancer mechanism ofnano 1, a
-FITC/PI double staining assay were

have undergone booming development in the last few decades
not only for their diversiform architectures but also for their
promising biological activities which could be used in the fields
of anticancer and antisepsis.[®! Coordination compounds, espe-
cially those constructed from the Schiff base ligands bearing sp?
hybrid N atoms, have important applications as anticancer
drugs.!”) The use of Schiff base ligands in the construction of
coordination complexes could not only afford new complexes
with diversiform structural features but could also result in
complexes with important pharmacological properties.’®! The
recent literature has revealed that Co" and Cu''-based Schiff
base compounds show promising anticancer activities.” ! For
instance, Natarajan and co-workers developed a Co"-based
coordination polymer by use of a dihydroquinoline-type ligand,
which showed substantial anticancer activity against a series of
cancer cells.’® Sukanya et al. have obtained a Cu' based
coordination complex based on a quinoxalin-type Schiff base
ligand, which showed promising cytotoxicity and growth inhi-
bition effect towards the B16-F10, HeLa, and MCF-7 cancer cell
lines.[! To study the metal and ligand effects in the anticancer
activities of the Schiff base metal complexes, in this study, two
similar tridentate Schiff base ligands with N,0,0O-donor sites,
2-methoxy-6-(((2-(piperazin-1-yl)ethyl)amino)methyl)phenol
(HL;) and 2-(((2-(dimethylamino)ethyl)amino)methyl)-6-
methoxyphenol (HL,) have been synthesised by a one pot
condensation reaction, and were further used in the construction
of three novel trinuclear Schiff base Cu" and Co" coordination

www.publish.csiro.au/journals/ajc
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complexes [Cu(L;)(OAc)] (1), [Co(L,)(OAc)] (2), and [Cu(L,)
(N3)(MeOH)] (3) (Scheme 1). The as-prepared complexes were
characterised using various physicochemical techniques, e.g.
power X-ray diffraction (PXRD), X-ray single crystal diffrac-
tion (SCXRD), elemental analyses (EA), and thermogravimetric
analysis (TGA). Furthermore, the particle sizes of coordination
complexes 1-3 have been reduced to the nano-region via a hand
grinding method. To investigate their anticancer activity and
mechanism, we first evaluated the anti-proliferation activity of
nano 1-3 on human intracranial aneurysm SF767 cells. Both the
cell viability curves and half maximal inhibitory concentration
(ICs¢) values suggested that only nano 1 exhibits anticancer
activity and has no cytotoxicity on HEK-293 normal human
cells. Western blot results and an Annexin V-FITC/PI assay
confirmed that nano 1 exerts anti-proliferation activity Qs

(ROS) generation in SF767 cells, and fi
production of caspase-dependent apoptotic

Experimental
Measurements and Reagents

PXRD profiles were collected
eter (D/Max 2500 V, made igaa
the electric current and vg
electron microscopy
S4800 electron microscop®
H, C, and N were acquired U8 4 PerkinElmer 240 elemental
analyser. TGA was performedl over a temperature range of
25-800°C using a PerkinElmer Pyris 1. All the starting materials,
solvents, and metal salts were obtained from the Beijing
Bailingwei Reagent company and were of analytical grade.

cntal content percentage of

Synthesis of Compounds 1-3

Cu(OAc),-H,0 (199 mg, 1 mmol) and the ligand HL; (263 mg,
1 mmol) were separately dissolved in 10 mL of MeOH via
stirring or ultrasonic processing. The two solutions were then
mixed and refluxed for ~30 min. The final solution was refluxed
for an additional hour after the addition of a MeOH/H,O solu-
tion (9 mL, v/v, 2:1) containing AcONa (2 mmol, 164 mg).
After slow evaporation of the solution in air for one week, blue
block-shaped crystalline crystals of 1 were obtained by filtra-
tion, cleaned by MeOH, and dried in the air (yield: ~62 % based
on copper (11)). Anal. Calc. for C14H»,CuN304: N 10.95, H5.78,
C 50.06. Found: N 10.45, H 5.62, C 49.91 %.

o

Synthetic routes to the title complexes 1-3.

DX\P Complex 2
A3
S
l ] M

N/\/N\ o)

(/(/V
2%,
P Mg 20
o Complex 3

Co(OAc),-4H,0 (177
(333 mg, 1.5 mmol) w,

nd the ligand HL,
ysolved in 10 mL of
ing. The two solutions
0 min. The solution was
er the addition of a MeOH/
containing AcONa (2 mmol,

gfluxed for further ~30 min after the addition of 10 mL of
eOH containing sodium azide (130 mg, 2 mmol). After slow
evaporation of the solution in air for one week, pink rod-like
crystals of 3 were obtained by filtration, washed with MeOH,
and dried in the air (yield: ~54 % based on Cu). Anal. Calc.
for C13H,oCuNsO;: C 43.63, H 5.63, N 19.57. Found: C 43.12,
H 5.66, N 19.39 %.

X-Ray Data Collection and Refinements

The intensity data for complexes 1-3 were acquired using
an Oxford Xcalibur E diffractometer with graphite mono-
chromated Mo Ka radiation at room temperature. The raw data
collected were reduced to HKL and P4P files using the CrysA-
lisPro software based on the computer-controlled procedure.
The XPREP program was used to generate the /NS file which
was used in the following structural solution and refinement
process. The structural solution was performed using the
SHELXS program based on direct methods and then the obtained
structural model was refined using the SHELXL program
embedded in the SHELXL-2014 software package. All the H
atoms were generated on their attached atoms using the AFIX
commands and all non-H atoms were refined based on thermal
vibration parameters. Table 1 shows the refinement indexes for
the three complexes.

Cell Lines and Cell Culture

The human intracranial aneurysm SF767 cells and normal
human embryonic kidney cells HEK-293 were purchased from
ATCC (American Type Culture Collection). The SF767 cancer
cells were cultured in ATCC-formulated Leibovitz’s L-15
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Table 1.

Structural refinement indexes for 1-3

Parameter 1

2 3

Empirical formula C16H23CuN;04

C4H50CoN,O4 C13H20CuN;s0;3

Formula weight 384.91 339.25 357.88

Temperature [K] 273.15 293(2) 296.15

Crystal system monoclinic orthorhombic triclinic

Space group C2le Pbca P-1

a[A] 14.9863(3) 8.263(3) 8.7103(3)

b[A] 12.5593(4) 16.956(4) 9.8314(3)

c[A] 20.1308(6) 21.468(9) 10.9631(4)

o [deg.] 90 90 99.028(2)

B [deg.] 91.762(2) 90 108.702(2)

v [deg.] 90 90 108.033(2)

Volume [A®] 3787.18(18) 3007.9(18) 810.64(5)

Z 8 8 2

Peate [gem ™3] 1.350 1.498 1.466

u[mm™'] 1.176 1.158 1.366

Radiation MoKa (4 0.71073) MoK (4 0.7 MoKa (4 0.71073)

20 range for data collection [deg.] 4.048 to 55.202 4.092 to 50.048

Goodness-of-fit on F~ 1.104 1.089

Final R indexes [/ = 2a(/)] R, 0.0587 R, 0.0523
®R, 0.1881 R, 0.1683

Final R indexes [all data] R, 0.0700 R, 0.0560
®R, 0.1973 wR, 0.1714

Largest diff. peak/hole [e A’3] 0.95/—0.68 0.78/—0.80

CCDC 1896855 1896857

medium. The HEK-293 cell line was cultured in D 1 ¢ stage with a confluence of 70-80 %, nano 1-3 at the

(Dulbecco’s modified Eagle’s medium). Both culture medi
contain 100 U mL™" penicillin and streptomycin solutioy
(GIBCO BRL Life Technologies), 10 % (v/v) heg i

L-glutamine. The cells were cultured in a hu
of 5% CO, with 95 % air.

Cell Counting Kit-8 (CCK-8) Assa

following the manufacture
and HEK-293 cells wer;
tion of 5 x 10° cells
37°C under 5 % C
incubated with a seri

sphere. Next, the cells were
rations of nano 1-3 (1, 2, 4, §,
10, 20,40, 80,and 100 4hat37°Cunder 5 % CO,. After
incubation, the cells wer® harvested with 1 x trypsin-EDTA
(5 min, 37°C) and centrifuged at 1120 g for 5 min. The medium
was discarded, and 100 pL of 10% CCK-8 in medium without
FBS was added into wells for 2 h incubation at 37°C in the dark. A
Thermo Scientific Microplate Reader was then used to measure
the absorbance of each well at 450 nm. The cell viability curves
were calculated and plotted according to the absorbance values.
Three replicate wells were used to determine each point. The ICs,
values were calculated using SPSS version 22.0.

Annexin V-FITC/Pl Apoptosis Analysis

To explore the manner of cancer cell death, the Annexin V-FITC/
PI staining assay (Abcam Apoptosis Detection Kit; ab214663)
was conducted to assess the percentage of apoptotic SF767 cancer
cells according to the manufacturer’s instructions.!'*! In brief, the
SF767 cells were seeded in 6-well plates (1 x 10° cells well ")
at 37°C and 5% CO, overnight. After the cells grew to the

oncentrations described above were added and the cells incu-
cd for 24 h at 37°C, 5% CO,. A negative control was set to
DMSO, and cisplatin, known as an apoptosis inducer, was
selected as the positive control. After incubation, the cells were
collected with 0.25 % w/v trypsin and washed three times with
pre-cooled PBS. Annexin V binding buffer (500 pL) was added
to re-suspended the SF767 cells followed by 5 pL of Annexin
V-FITC and 5 pL of propidium iodide (PI) and 15 min incubation
at37°C in the dark. Finally, the SF767 cells were analysed by flow
cytometry (BD Via, New Jersey, USA) for the proportion of intact
live cells and apoptotic cells. Three parallel experiments were
carried out to reduce the error.

Intracellular ROS Assay

To measure the intracellular ROS generation and accumulation
in SF767 cancer cells after treatment with nano 1-3, the
2,7-dichlorodihydrofluorescein diacetate (DCFH-DA) staining
method and flow cytometer were used in this experiment.!'¥!
The results of flow fluorescence reflects the content of intra-
cellular ROS. SF767 cells were planted in 6-well plates (5 x 10°
cells Well_l) and incubated at 37°C, 5% CO,. When the cells
had grown to the logarithmic stage and reached a confluence of
70-80 %, nano 1-3 was added at the concentrations described
above. After incubation for 24 h, the cells were harvested with
0.25 % trypsin and detected with a flow cytometer (BD Via,
New Jersey, USA) at an excitation wavelength of 488/530 nm.
FlowJo7.6 software was used to analyse the experimental data.
All experiments were performed at least three times.

Quantitative Reverse Transcription Polymerase Chain
Reaction (QRT-PCR) Assay

The mRNA expression of ROS related genes in SF767 cancer
cells after treatment with nano 1-3 was measured using



qRT-PCR according to the published protocol.!'>'*I Total RNA
in SF767 cancer cells was extracted using a TRIzol Plus RNA
Purification Kit (Invitrogen, Carlsbad, CA, USA) according to
the instructions, and then the quality of RNA was evaluated
using the OD260/0D280 ratio. The cDNA was synthesised
using a High-Capacity ¢cDNA Reverse Transcription Kit
(Applied Biosystems, Cambridge, MA, USA). The PCR primer
sequences in this experiment are listed in Table 2. The PCRs
were conducted using a qRT-PCR miRNA Detection Kit
(Invitrogen) at 95°C for 15 min, followed by 40 cycles of
denaturation at 95°C for 5 s, annealing at 55°C for 30 s, and
extension at 72°C for 30s. Each experiment was performed
in triplicate and the relative quantification was analysed by the

2724 method.
Table 2. The sequence of primers
Name Sequence
racll CCTGCTCATCAGTTACACGACCA
TGTCCCATAGGCCCAGATTCA
gp9l CTTCACACGGCCATTCACAC
GTCATAGGAGGGTTTCCGGC
gp22 GACGCTTCACGCAGTGGTACT
CACGACCTCATCTGTCACTGG
Gapdh AATGGGCAGCCGTTAGGAAA

GCGCCCAATACGACCAAATC

Fig. 1.
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Data Analysis via the Statistical Method

All the experimental data were expressed in the form of mean
=+ standard deviation (s.d.) from three parallel experiments.
Comparisons between groups were conducted with Prism soft-
ware (version 6.07, GraphPad Software Inc., San Diego, CA).

Results and Discussion
Crystal Structure of Compounds 1-3

HL,; could be produced by the reaction of 2-(piperazin-1-yl)
ethan-1-amine with 3-methoxysalicylaldehyde in MeOH solu-
tion via reflux in high yield (Scheme 1). Upon slow evaporation
of the filtrate, blue block-shaped crystalline products of 1 were
formed after one week. The X-ray single crystal structure
determination reflects that complex 1 belongs to the space group
C2/c of the monoclinic system and teveals a discrete mononu-
clear Cu"-based structure. The 26§T hcal unit of complex 1
consists of a crystallograph Cu" ion, a fully
deprotonated L; ~ ligand, g@d a C O™ group, resulting
e coordinated envi-

(a) The chemical drawing for the molecular unit of 1. (b) The square-planar coordination surroundings for the Cul ion. (¢) View for the 1D H-bond
network of 1.
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coordination complexes reported in the literature.!!”'®! The
AcO™ group is monodentate chelating with the central Cu'" ion
while the other O atom forms a weak Cu-O interaction with a
distance of 2.633(2) A. The pyrazine group is in a chair-like
conformation, which is far away from the axis position of the
square-planar Cu' centre. The discrete mononuclear Cu'-based
structure of 1 is further extended into a 1D H-bond network via
the H-bond interaction of the N3—H3---O2 (distance: 2.105 A,
Fig. 1c). The formed 1D H-bond network is further packed in the
three-dimensional direction to give rise to a 3D supramolecular
structure with no w—r interactions.

HL, could be produced via the reaction of 2-hydroxy-3-
methoxy benzaldeyhde with N,N-dimethylethane-1,2-diamine
in MeOH solution via reflux in a moderate yield. Upon slow
evaporation of the filtrate after several days, crystalline products
of complexes 2 and 3 were obtained. Complexes 2 and 3 have
been characterised by TGA analysis and EA along with the
X-ray single crystal analysis. A single crystal X-ray structural
determination shows that complex 2 belongs to the space group
Pbca of an orthorhombic system and shows a discrete binuclear
cluster-based structure. The basic molecular unit of 2 is com-
posed of a crystallography unique Co" ion, one coordinated
AcO™ group along with one L, ligand. The distorted square-
pyramidal coordinated surrounding of the Co' atom is shaped by
two N donors from the L, ligands and one O atom from another

(@)

different L, ligand along with two bridging oxygen atoms from
two symmetry-related acetate molecules (symmetrical code:
1 —x, 1 -y, 1 -z Fig. 2a). The bond distances vary from
1.891(3) to 1.953(3) A for the Co"-O bonds and are in the region
of 1.928(3) and 2.387(2) A for the Co"-N bonds, which all
locate in the normal range of Co"—N and Co"—O bond lengths in
other reported Co"-based coordination complexes.!'”) Two
acetate ions located in the inversion centre chelate with two
symmetry-related Co' atoms to shape a dimer unit, and the Co"—
Co" separation is 3.442(3) A. The molecules of 2 are extended
into a 1D ladder-like network via C8-H8---O4 H-bond interac-

tions along the c-axis with a distance of 2.281(2) A (Fig. 2b).
Complex 3 was obtained via a slightly modified preparation
method of complex 2 via the replacement of Co(OAc),-4H,O
with Cu(NO3),-3H,0 and using NaNj as the additive. Structural
analysis of 3 via the structural sglution and refinement results
from the X-ray diffraction gé that complex 3 locates in
the P-1 space group of which demonstrates a
similar structure to h exhibits a binuclear
gCular structure has been

View for the binuclear Co" molecular structure of 2. (b) The 1D H-bond network of 2.

(b)

- 52000 ¥ Q’. oo .Q’
“tap  ear  tab.
v o ‘oo o 0 Wole

: . 2 v 9.__..
’.

Fig. 3. (a) View for the trinuclear Cu" molecular structure of 3. (b) The non-classic H-bond interaction between two adjacent discrete structures.
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(Fig. 3b).

PXRD, TGA, and Nanosizing of Compounds 1-3

To probe the purity of the prepared crystalline compounds 1-3,
PXRD curves were collected at ambient temperature. As shown
in Fig. 4a—c, the PXRD patterns of the as-prepared three com-
plexes reveal sharp peaks, indicating their high crystallinity.
Furthermore, the well matched peak positions of the PXRD
patterns between the as-prepared samples and the simulated
patterns confirm that the structure of the three complexes match
well with their crystal structure. To study the thermal stability
and compositions of the lattice solvents, the TGA curves for
compounds 1-3 were measured in the temperature range of 25 to
800°C under N, atmosphere (Fig. 4d). The TGA curve of 1
shows that it could be thermally stable up to 201°C without
obvious weight loss, which is consistent with the information
observed from the X-ray data. Above 201°C, the sharp weight
loss corresponds to the complete decomposition of 1. For

(c) 3. (d) TGA curves for complexes 1-3.

complex 2, the TGA profile reveals that no obvious change can
be found from 25 to 216°C, which indicates that there is no
solvent in its crystal lattice, and this agrees with the observation
from the crystal data analysis. It should be noted that complex 2
shows a higher framework decomposition temperature than that
of complex 1, which might be attributed to the formation of the
binuclear cluster-based structure. For complex 3, a weight loss
of 10.1 % could be observed from 48 to 174°C, corresponding to
the loss of one coordinated MeOH molecule. After 216°C, a
sharp weight loss can be found, which could be ascribed to the
complete decomposition of the complex.

In preparation for the CCK-8 assay, used for the evaluation of
the cytotoxicity towards the cancer cell lines, nano-sized parti-
cles of compounds 1-3 were desired, which could allow them to
pass though the cell membrane more easily and reach the regions
of issue in the whole body by injection.!**! Previous literature
has reported that mechanical grinding could be used to produce
nanosized coordination complexes without further chemical
manipulation./*'! To reduce the size of the crystalline complexes
1-3 to the nanoscale region, a ball mill was applied to grind the
samples for ~30 min. The crystalline nature of the samples was
checked by a comparison of the PXRD patterns of the simulated
and the ground samples, which revealed that they show a good
match with each other. The successful formation of the coordi-
nation nanoparticles was also confirmed by the significant
broadening of the peaks of the ground samples.[*” The particle
size and morphology of the formed nano coordination com-
plexes were validated via SEM measurements obtained by
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relationship of nano 1 on SF
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drop-casting ground samples of 1-3 dispersed in DMSO on a
glass surface (Fig. 5). Nano 2 and 3 adopt almost a nanorod type
morphology with average widths of 680 and 446 nm and a
thickness of 280 and 170 nm, respectively. It is also interesting
to note that the nanorods have a very smooth surface and their
tips split into several much smaller nanorods. In comparison,
nano 1 exhibits a spherical type morphology with an average
size of 70 nm.

Anti-Proliferation Activity of Nano 1-3 against SF767
Cancer Cells

To detect the anticancer effect of nano 1-3 on human intracranial
aneurysm SF767 cell viability and proliferation, a CCK8 detec-
tion kit was used. Serially diluted nano 1-3 was incubated with
SF767 cancer cells for 24 h at different dilutions. The negative

0.125 0.25 0.5 1
Concentration [uM]

1 2 4 8 10 20 40 80
Concentration [uM]

2

anger viability and proliferation. (c) All the nano 1-3 showed no cytotoxicity on normal human HEK293 cells after treatment
epresent mean =+ s.d. All experiments were performed in triplicate.

Table 3. 1Csq values of nano 1-3

Cell Drug ICs, value® [mM]
Nano 1 Nano 2 Nano 3 Oxaliplatin
SF767 1.04+0.01 >80 >80 4.8+0.2
HEK-293 >80 >80 >80 >80

AThe ICs, values were calculated according the cell viability curves pre-
sented in Fig. 6. Each value is shown as mean £ s.d. of three independent
experiments.

control was set to DMSO with oxaliplatin as the positive control
drug. As results show in Fig. 6, nano 1 decreased SF767 cancer
cell viability in a concentration-dependent manner, and nano 2
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SF767 cancer cell apoptosis detected using the Annexin V-FITC/PI double staining method. The apoptotic SF767 cancer cells were

detected by flow cytometer combined with Annexin V-FITC/PI double staining. The cells were exposed to nano 1-3 at the indicated doses, the
solvent and cisplatin were used as the negative and positive control drug (a). The statistical results of Fig. 7a (b). The activation level of caspase 3

and caspase 9 under nano treatment (c).

and 3 had no inhibitory effect on SF767 cancer cell viability
(Fig. 6a). The inhibition effect of nano 1 on SF767 cancer cells
also showed a time-dependent relationship (Fig. 6b). In addition
to this, nano 1-3 showed no effect on the viability and prolifer-
ation of the normal human HEK293 cells (Fig. 6¢).

The ICsy values were calculated according to the SF767
cancer cell viability curves with SPSS 22.0, and the detailed data
are listed in Table 3. Nano 1 exhibited extraordinary anti-
proliferation activity on SF767 cells with an ICs, value of
1.0 +£0.01 uM. However, nano 2 and 3 had ICs, values of over
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Fig. 8. Nano 1 initiates intracellular ROS generation and accumulation. The ROS content in SF767 cancer cells was quantified by flow cytometry
after treated with nano 1-3 at the indicated doses. The solvent and cisplatin were used as the control drug (a). Statistical results of ROS production in each

group (b). The expression of ROS related genes in each group (c).

80 uM. This indicates that nano 1 has potential implications for
human intracranial aneurysm treatment.

Nano 1 Induces Apoptotic Cell Death

The manner of cell death of SF767 cancer cells caused by nano
1-3 was investigated by an Annexin V-FITC/PI double staining
assay. Cisplatin, an apoptosis inducer, was used as the positive

treatment. As the results show in Fig. 7a, treatment with nano 1
(1 x ICs) significantly increased the rate of apoptotic cells to
59.64 +1.52 %. In accordance with the CCKS8 detection results,
nano 2 and 3 could not induce apoptotic cell death in SF767
cancer cells.

Cleaved caspase-3 and cleaved caspase-9 are the key mar-
kers of cell apoptosis, its activation was detected by a Caspase



Colourimetric Protease Assay Sampler Kit (Fig. 7c). From the
results, we can see that nano 1 could induce the activation of
capase-3 and caspase-9 significantly, while the caspase activa-
tion had no change under the treatment of nano 2 and 3.
Together, these data indicated that nano 1 stimulated a loss in
cell viability via cell apoptosis, which was associated with
activation of caspase 3 and 9.

Nano 1 Induces Intracellular ROS Generation and
Accumulation

A previous study had reported that mitochondrial dysfunction is
a key factor in apoptotic cell death. Therefore, we speculated
that mitochondrial dysfunction lead to increased ROS and
finally induced the SF767 cancer cell apoptosis under the
treatment of nano 1. The ROS production in SF767 cancer cells
was determined via flow cytometry. Compared with nano 2 and
3,nano 1 (1 x ICsg) could significantly increase the intracellular
ROS level in SF767 cancer cells to the percentage of
73.47 £2.8% (Fig. 8). These data confirm that nano 1 could
cause apoptotic cell death in SF767 cancer cells via increasing
the ROS accumulation in cells.

Crystallographic Data

CCDC Nos 1896855-1896857 contain the supplementary
crystallographic data for this paper. These data can be obtained
free of charge from The Cambridge Crystallographic data
Center via http://www.ccdc.cam.ac.uk/data_request/cif.

Conclusion

In summary, three novel trinuclear Schiff base transition metal

ligands have been successfully prepared via the
tilisation method. The as-prepared three c

SCXRD, EA, PXRD, and TGA. Further
of these coordination complexes ha

explored.
evaluated on a
d that only nano
67 cells, and this

The anti-proliferation effect o
human SF767 cell line. CCKa

estigations revealed that
nano 1 induces the SF767 ce via the classical (caspase 3
and 9 dependent) apoptosis pa¥hway. In addition, we revealed
that the caspase pathway is initiated by the increased accu-
mulation of intracellular ROS.
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