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Summary. Background and aim of the study: Use of commercial products containing nanoparticles formulated
from zinc oxide (ZnO) and aluminium oxide (Al,Os) has increased significantly. These nanoparticles are
widely used as ingredient in cosmetics, and also in food packaging industry although their toxicity status is
yet to be studied. Here, we aimed to explore the effect of zinc oxide nanoparticles (ZnO-NPs) and aluminium
oxide nanoparticles (ANPs) in human HT29 colon cancer cell line. Mezhods: In this study, ZnO-NPs were
synthesized by chemical method and ANPs synthesized by sol-gel method and were characterized using
UV-Vis spectroscopy, X ray diffraction and Transmittance electron microscopy. The effects of ZnO-NPs and
ANPs was determined by cell viability, membrane integrity and colony formation potentials. Resu/ts: ZnO-
NPs and ANPs inhibit HT29, colon cancer cell proliferation in a dose dependent manner, and affect the
membrane potentials and also prevent the colony formation. Conclusions: The results suggest that ZnO NPs
are found to be more effective than ANPs in reducing colon cancer cell proliferation. (www.actabiomedica.it)

Key words: cell proliferation, nanoparticles, anti proliferative, toxicity, colon cancer and cytotoxicity

Introduction

Nanoparticles have high volume to surface area
and results in enhanced potentials. The use of ZnO
and as well as other metal oxide nanoparticles in bio-
medical and cancer applications are acquiring impor-
tance due to the physical and chemical properties of
these nanomaterials. Nanoparticles are similar in size
as biological molecules so it can penetrate through the
cells and interact with the biological system. Metal
oxide nanoparticles, including ZnO-NPs and ANPs,
has application in sunscreens, food packaging and as
components of various cosmetics (1). Among five zinc
compounds, ZnO is the one which is currently recog-
nized as safe for the nutrients by the U.S. Food and
Drug Administration (21CFR182.8991) (2). Nano-

particles endowed with targeting abilities offer a novel
approach for site-specific delivery of chemotherapeu-
tic agents (3). But, after treatment with nanoformula-
tion, toxicity status are not yet studied.

Some studies have been conducted to investigate
the cytotoxicity of ZnO-NPs in various cell lines, hu-
man hepatocytes and found that oxidative stress and
lipid peroxidation play important role in cell disrup-
tion provoked by ZNO-NPs (4). Studies conducted
in human lung epithelial cells (L-132) (5) and human
alveolar adenocarcinoma cell line A549 (6), reveal that
ZnO NPs can selectively penetrate the tumor cells and
thereby interact with the cancerous cells and destroy
them. In the case of ANPs, are found to inhibit the cell
division in a dose dependent manner on CHO-K1 cells

and UMR106 cells (7-8). The A549 cells after expo-
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sure to various nanoparticles exhibited that ANPs in-
duces minor cytotoxic effects, compared to nanometric
titanium dioxide or carbon nanotubes (9). Despite the
already existing studies on the toxicity of ANPs, the
underlying mechanism of toxicity remains unclear. The
genotoxicity effect of NPs is of specific concern because
of the alteration in the genetic material that have po-
tential for tissue malfunction, development of cancer
and cell death (10). Recent 7nz-vizro studies reveal metal
oxide nanoparticles to selectively destruct cancer cells
with relatively less toxicity against normal cells (11-12).

Some of the inorganic NPs, such as iron oxide
NPs, titanium dioxide NPs, ZnO NPs, copper ox-
ide NPs, silica NPs, show anti-cancer activity so that
they can be used in anti-cancer therapy (8-9). Basi-
cally, nanoparticles have some unique features, which
make them novel and eflicient anticancer agent. Even
these ZnO NPs based microfluidic immunosensor
coupled with the laser instigated fluorescence is used
for the detection of epithelial cell adhesion molecule
(13). Studies have shown that ZnO NPs can very se-
lectively instigate apoptosis in the cancer cells, which
is mediated much likely by the reactive oxygen species

through p53 pathway (14), although extensive studies
were needed for assessment of anti-proliferative effect
of ZnO NPs on cancer cells.

In this study, we have synthesized and character-
ized ZnO-NPs and ANPs, and investigated their anti-
proliferative potentials in HT29 cells, a colon cancer
cell line.

Methods
Synthesis of ZnO NP and ANPs

In this study, ZnO NPs were synthesized by the
bottom-up approach. The atomic mixing of the con-
stituents yields a final product of near stoichiometric
perfection without high-temperature treatments. In
the typical process, 1 g of ZnCl,6H,O was dissolved in
100 ml of double distilled water. It was neutralized with
20 ml of NaOH (1 M) solution under constant stirring
at room temperature (pH.8). It led to the anionic and
cationic interaction, followed by the nucleation and
formation of crystallites together with the by-products
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of NH,NO:;. In order to remove the by-product, the
product was then washed with the distilled water for
several times, and then air dried in room temperature
for few days and grounded well to obtain an amor-
phous powder. To obtain different crystallite size, the
prepared amorphous sample was calcined at 200+2°C
for 30 mins.

Aluminum oxide nanoparticles were successfully
synthesized by sol-gel method using aluminium chlo-
ride, ethanol, and Ammonia. 0.1M aluminium chlo-
ride solution was prepared in ethanol and under a stir-
ring condition, 28% of ammonia was added dropwise
to aluminium chloride solution. A white colored gel
was formed and it was kept at room temperature for
30 h and then the nano gel was dried at 200°C for 10

min in the box furnace.
Characterization of the ZnO NPs and ANPs

The synthesized ZnO-NPs and ANPs were char-
acterized using UV-visible spectroscopy, X-ray dif-
fraction (XRD), and transmission electron microscopy
(TEM), which are the widely being used techniques
to examine the optical, structural and microstructural
properties, of ANPsand ZnO NPs. The synthesized
samples were characterized by XRD using focused
monochromatized Cu Ka' source to determine the
structure and average crystallite size of the calcined
Al,Osand ZnO. The detailed morphology studied un-
der Transmission Electron Microscope (TEM) JEOL
3010). TEM images were taken on a JEOL 1200 EXII
(IIT Madras) at 100 kV. Samples were prepared by
evaporating single drop of ethanolic nanoparticle solu-
tion on a carbon-coated copper grid.

Cell lines and cell culture conditions

Colon cancer cell line (HT29) was obtained from
National Centre for Cell Sciences, Pune, India. The
cells were cultured in standard DMEM supplemented
with 10% FBS and 1% antibiotic and incubated at
37°C with 5% CO.,. The cells were trypsinized using
0.025% trypsin and 1x10° cells were re-plated on each
well in a 96 well plate containing standard DMEM,
incubated at 37°C with 5% CO, and allowed to adhere
for 24 h before treatment.

In Vitro Cell viability assay

The anti-proliferative effect of ZnO NPs and
ANPs in HT 29 was determined using MTT assay.
MTT assay was performed by following the procedure
of Mossman (1983) (15). Cells (1x10°) were seeded in
96-well plates and were cultured in standard DMEM.
The cells were allowed to grow until 80 % confluency
was reached and cells were treated with different con-
centration of nanoparticles (0, 10, 25, 50, 100 and 250
pg/ml) in dose dependent manner, and incubated for
48 h. After incubation, the spent medium from each
well was collected and were stored for further stud-
ies (LDH assay). The MTT (3-(4, 5-dimethylthiazol-
2-yl)-2, 5-diphenyltetrazolium bromide) was added to
each of the well and incubated for around 4 h. After
incubation with MTT, resulting formazan crystals
were solubilized by the addition of dimethyl sulphox-
ide and were quantified by measuring absorbance at
570 nm in a multiwall plate reader (Biorad).

Assessment of cell morphology

Colon cancer cells (HT29) were plated in 6-well
culture plates (5000 cells/well) and cultured in DMEM
supplemented with 10% FBS for 48 h and treated with
Zn NPs and ANPs at a 100 pg/ml. After incubation,
nanoparticle induced morphological changes were
assessed using inverted phase contrast microscope
(Olympus CKX41) connected with Optika B5 digital

camera.
Lactate dehydrogenase assay

Cells treated with ZnO NPs and ANPs were in-
cubated for 48 h in the CO,incubator, and after the
incubation medium was collected as lysis solution. In
a 96 well plate, 10 ul of lysis solution was added to
LDH control wells, 10 pul of test compounds to the
experimental wells, 10 pl of PBS to untreated control
wells and 10 pl of solvent was added to the vehicle
wells respectively. The plate was incubated in a CO,
incubator at room temperature for 40-45 min. 50 pl
of supernatant from each well was taken in another
96 well plate and to each well, the LDH reagent was
added, followed by 20-30 mins of incubation at room
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temperature. Finally, absorbance was measured at 490
nm which was used as the main wavelength and 600
nm as a reference wavelength.

Lipid peroxidation

The colorimetric assay of thiobarbituric acid
(TBA) was performed based on Buege and Aust
(1978) method with minor modifications (16). 1 ml
of TBA-TCA-HCI reagent was mixed with 1 ml of
cell Iysate and the mixture was heated in boiling water
bath for 15 min. The reaction mixture was centrifuged
at 4000 rpm for 10 mins and the absorbance of the
supernatant was measured at about 535 nm against
blank that contained all the reagents except cell lysate.
The MDA concentration was calculated using molar
extinction coefficient of 1.56x10° M cm™ and was re-
ported in nmol/mg protein.

Colony formation assay

Clonogenic assays serve as a very useful tool to
test whether the given cancer therapy can reduce the
clonogenic survival of the tumor cells. This method is
used to determine the cells reproductive health after
treatment with nanoparticles. 5x10° cells were seeded
into 6-well plate and were cultured in DMEM with
10% FBS. After incubation, the cells were harvested
and treated with ZnO NPs and ANPs (100 pg/ ml)
followed by incubating for one week in the CO, incu-
bator. The spent medium was removed and cells were
rinsed with PBS. It was followed by the addition of 2-3
ml of fixation solution [Acetic acid/MeOH 1:7] and
left at room temperature for 5 min. 0.5% Crystal violet
solution was added after removing fixation solution and
incubated at the room temperature for 30 min. Crystal
violet was removed carefully by immersing the 6 well
plates in tap water. The plates were allowed to air dry
and the numbers of colonies were counted.

Results and discussion
The size of the nanoparticles plays a significant

role in altering the properties of materials in entirety.
UV-visible spectroscopy is widely utilized technique to

examine the optical absorbance of NPs. The absorb-
ance spectra of ZnO NPs and ANPs exhibit a strong
absorption band at about 367 nm and 260 nm respec-
tively. It is also evident that the significant sharp ab-
sorption of these NPs indicates the monodispersed
nature of the NP distribution. The UV-visible spectra
are shown in Figure 1.

Diffraction pattern of ANPs were shown in Fig-
ure 2a. The obtained pattern was compared with JCP-
DS standard files of (46-1212) aluminium oxide which
indicates hexagonal structure of ANPs. The sharp peak
pattern indicates the nanoscale size with high purity.
The peaks were indexed as planes (012), (104), (113),
(024), (116) and (300) of ANPS. The estimated av-
erage crystalline size is 50.89 nm. Diffraction pattern
of ZnO NPs were shown in Figure 2b. The obtained
pattern was compared with JCPDS standard files of
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Figure 1. UV vis spectrum of nanoparticles (a) UV vis spectrum
of ANPs (b) ZnO NPs
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Figure 2. X- ray diffraction pattern of nanoparticles (a) ZnO
NPs (b) ANPs

(36-1451) zinc oxide which indicates hexagonal struc-
ture. The sharp peak patterns indicate the nanoscale
size with high purity. The peaks were indexed as planes
(101), (002), (101), (102), (110), (103), (112), (201),
(004) and (202) of ZnO. Diffraction pattern corre-
sponding to impurities was found to be absent. The
estimated average crystalline size is 32.11 nm.

The detailed morphology of ANPs and ZnO
NPs were analyzed using HRTEM. The average crys-
tal size of ANPs and ZnO NPs was matched to the
microscopic images. TEM images of ANPs and ZnO
NPs are given in Figure 3. These images showed high
homogeneity on the surface of the samples. The mor-
phology of the particles was viewed under Transmis-
sion Electron Microscope (TEM) and found to be
spherical and less agglomerate. TEM analysis results
were used to find the actual size of the particles and
distribution of the crystallites.

The in witro cytotoxic effect of ZnO NPs and
ANPs on colon cancer cells was explored by treatment
of the colon cancer cells with different concentrations
of nanoparticles. The results are presented in Figure
4. 'The anti-proliferative effect was determined using
MTT assay. The results showed that ZnO-NPs sig-
nificantly inhibit cell proliferation in a dose dependent
manner. ZnO NPs at concentration of 50, 100 pg/ml
showed only 49% and 33% of cell viability respectively
in colon cancer cells, The toxic effect to colon cancer
cells by ANPs showed 65% and 41% of cell viability
respectively at concentration of 50, 100 pg/ml .

Figure 3. Transmission electron microscopic images (a) ZnO NPs (b) ANPs
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Figure 4. Concentration dependent Cytotoxicity of ZnO NPs
and ANPs in HT 29 cells. Cells were exposed to different con-
centrations of ZnO NPs and ANPs for 48 h and the viability
was determined by MTT assay. Unexposed cells as a control
and run it in parallel to the exposed groups. Values were the
mean+SD from three independent experiments. Significance
was indicated by *p<0.001 and “p<0.01 verus control
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Figure 5. Effect of ZnO NPs and ANPs on LDH leakage in
HT 29 cells. Cells were exposed to 50 and 100 pg/mL for 48
h. Control cells cultured in nanoparticles free medium run in
parallel to the exposed groups. Values were the mean+SD from
three independent experiments. Significance was indicated by
¢p<0.01 verus control

Figure 6. Effect of ZnO NPs and ANPs on MDA level in
HT 29 cells. Cells were exposed to 50 and 100 pg/mL for 48
h. Control cells cultured in nanoparticles free medium run in
parallel to the exposed groups. Values were the mean+SD from
three independent experiments.Significance was indicated by
"p<0.001 and °p<0.01 verus control

ROS generation contribute to cell killing mecha-
nism of ZnO NPs and ANPs in cancer cells. However,
the induced morphological changes by treatment with
ANPs were not observed in the present study. To ex-
plore the effect of ZnO-NPs and ANPs on membrane
integrity, LDH leakage assay was performed. Normally,
even minor damage to the plasma membrane can lead
to the release of LDH enzyme throughout the cytosol.
For LDH leakage study, colon carcinoma cells incu-
bated with ZnO-NPs and ANPs and the results are
represented in Figure 5. The highest LDH release was
detected from colon carcinoma cells treated with ZnO-
NPs (50 and 100 pg/ml) for 48 h. The LDH release
caused by ZnO-NPs was found to be in a dose depend-
ent manner of nanoparticles treatment. These results
reveal that ZnO-NP is highly effective to kill colon
cancer cells when its compared to ANPs treatment.

ZnO-NPs and ANPs (50 and 100 pg/ml) in-
duced oxidative stress, was assessed by determining
the lipid peroxidation level. Figure 6 shows induced
by increased level of lipid peroxidation in colon cancer
cells. Alarifi et al also reported the similar result with
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heptocarcinoma cells (14). The long-term cytotoxicity
of ZnO-NPs and ANPs was studied by clonogenic as-
say, which was employed to determine the capability
of a single cell to grow into a colony. ZnO-NPs treat-
ment affected the cell survival of colon cancer cells.
The colony formation was reduced about 60% in the
concentration range of 100 pg/ml. The difference in
ROS production was found to be statistically signifi-
cant between the treatments which contribute the cell

killing of ZnO NP in cancer cells.
Conclusions

Anti cancer effect of ZnO NPs and ANPs was
evaluated in human colon carcinoma cells. Both ZnO
NPs and ANPs showed reduced cell proliferation.
LDH leakage and colony formation were assessed and
the results also supports the anti-proliferative effects
of ZnO NPs and ANPs. However, as compared to
ANPs, ZnO NPs is a potential anti-proliferative agent
in case of reducing cellular growth in colon carcinoma
cells. Although, mechanistic studies of the action of
ZnO NPs on more human colon carcinoma cells, may
throw more light on its potential anti cancer activity.
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