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Abstract

Introduction: Clinoptilolite has antiviral, antibacterial, anti-inflammatory, antidiabetic, and anticancer properties due to its
biological activities. In various cancer cell culture studies, it has been reported effective against tumour cells and gave positive
results in treatment of various tumours in dogs. No study was found on the effects of the nanoparticulate form, nanoclinoptilolite,
on cancer cells. The aim of this study was to determine its cytotoxic and apoptotic effects in canine osteosarcoma (OSA) cell
culture. Material and Methods: Doses at 50% inhibitory concentration were determined by measuring the dose- and duration-
dependent cytotoxicity of nanoclinoptilolite on canine D-17 osteosarcoma cells by methylthiazol tetrazolium (MTT) test for 24 h,
48 h, and 72 h. Murine caspase-3 and -7 activity and expression levels of the BAX and BCL2 genes were measured using RT-PCR
to investigate the apoptotic effect. Results: Nanoclinoptilolite decreased cell viability and induced caspase-3- and -7-mediated
apoptosis in treated canine OSA cells. Furthermore, its application to canine OSA cells downregulated the expression of BCL2 and
upregulated the expression of proapoptotic BAX. Conclusion: Clinoptilolite, which was previously demonstrated to have anti-
cancer properties, decreased cell viability effectively and rapidly and increased the apoptotic cell ratio in a novel use in nanoparticle
form, exhibiting this effect by increasing the BAX/BCL?2 ratio.

Keywords: nanoclinoptilolite, canine osteosarcoma cell line, apoptosis, caspase-3 and -7, BAX and BCL?2 expression.

Introduction

Diversity in the actiology of cancer poses a challenge
in determining a definitive treatment method and
achieving results. Surgical intervention, administration
of chemotherapeutic drugs, radiotherapy, immunotherapy,
and alternative medicine to strengthen the immune
system and support the treatment administered are all
used in cancer regimens. Administration of
immunostimulatory agents such as plant extracts or
zeolites  containing  different antioxidants and
investigation of their anti-cancer effects have been the
major topics studied in recent years.

Osteosarcoma (OSA), common in dogs and
especially in large breeds, accounts for 85% of all
skeletal tumours (12, 30). OSA develops in the
metaphyseal region of canine long bones and sometimes
in the ribs and skull. The most common locations are the
distal radius, proximal humerus, proximal tibia, distal
tibia, and distal femur (21). No long-term survival has
been achieved by standard chemotherapy for OSA in

dogs due to the metastatic nature of this type of cancer
(20, 26, 30). Osteosarcoma is very aggressive and
frequently causes secondary tumours. At the time of
diagnosis, there is usually one more tumour other than
the primary location. Therefore, the standard treatment
for bone cancer is the surgical removal of the primary
tumour, followed by destruction of the remaining
tumour cells with chemotherapy (26, 30).

Although the incidence of the disease is about ten
times higher in the dog population than in humans, OSA
is also the most common form of malignant bone cancer
in children (13). Both clinical and molecular evidence
has shown that OSA shares many common
characteristics in humans and dogs such as anatomical
location, presence of histopathologically diagnosed
metastatic disease, development of chemotherapy-
resistant metastases and altered expression/activation
(5). In addition, overlapping transcriptional profiles and
DNA copy-number variations in dogs and children have
suggested that these diseases may also have significant
similarity at the molecular level (5). Therefore, the
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studies conducted in the field of canine OSA have been
considered to have possible value for research into
human OSA in terms of study model and drug
development.

Zeolites have unique and extraordinary physical
and chemical properties. Clinoptilolite is a natural, non-
toxic zeolite with ion exchange and adsorbent properties
(23). Recently, studies on the use of clinoptilolite in
veterinary and human medicine have been conducted.
The antidiarrhoeic property is the best-known biological
activity of natural clinoptilolite (27). It has been reported
that it absorbs glucose very effectively (10) and has
an immunostimulatory effect (2, 23, 24, 32). Also, some
results show that silicates and aluminosilicates cause
alterations in the expression of genes of proteins
involved in cell signalling (23). Silicate particles
ingested by cells have been reported to stimulate
mitogen-activated protein kinase (MAPK), protein
kinase C, and stress-activated protein kinases (SAPKs)
(18). Moreover, they also activate important
transcription factors such as activator protein-1 (AP-1)
and NF-xB (nuclear factor kappa-light-chain-enhancer
of activated B cells), and proinflammatory cytokines
such as IL-la, IL-6, and TNF (31). The anti-cancer
effects of clinoptilolite have been demonstrated on
in vitro animal models and on different tumour types in
in vivo dog studies. These results demonstrate the anti-
tumour effect of clinoptilolite and its potential role as
an adjuvant in anti-cancer treatment (23, 24).

In the field of healthcare, nanodrug formulations
can easily move across the blood—brain barrier and be
used for therapeutic purposes due to their very small size
(3, 4, 8, 15, 29). Preliminary studies on the use of
nanoproducts have been performed in cell cultures and
then performed on experimental animals. In this study,
clinoptilolite =~ nanoparticulated  using  chitosan
biopolymer was added to canine OSA cell culture to
investigate its effects on cells. This study aimed to
determine the cytotoxic and apoptotic effects of
nanoclinoptilolite administered to a canine OSA cell line
and to evaluate its effects on apoptosis.

Material and Methods

Preparation of nanoparticle-containing clinoptilolite.
In this study, clinoptilolite was encapsulated into
nanoparticles prepared using chitosan biopolymer. For
this purpose, nanoparticle synthesis was carried out in
a spray drier using 1% chitosan, clinoptilolite solution,
and thiaminpyrophosphate acetic acid. During the
optimisation and characterisation of the nanoparticles
obtained, size measurements were made with a Zetasizer
Nano ZS90 particle size analyser (Malvern Panalytical,
Malvern, UK). Nanoparticle synthesis was performed by
Nanovet (Izmir, Turkey).

Cell line. The cells were supplied from the
American Type Culture Collection (ATCC, USA).
Frozen canine OSA cells of the D-17 line (CCL-183)

were thawed and propagated in a sterile medium
including Eagle’s minimum essential medium with
10% foetal bovine serum (Sigma-Aldrich, USA),
100 units/mL of penicillin and 100 mg/mL of
streptomycin (Gibco, USA), and 1% MEM non-
essential amino acid solution (Sigma-Aldrich) at 37°C
in a 5% CO;, atmosphere of 80% humidified air.
Subsequently, when the number of cells in the flask had
increased by 80%—-90%, the cells were removed using
trypsin-EDTA  solution and passaged. Following
the addition of trypsin-EDTA, the solution was kept
in the incubator and as soon as the cells were observed
to separate from the flask they had been adhering to,
pipetting was performed by adding fresh medium in
a double volume of trypsin-EDTA and the pipette
content was transferred to the flask with fresh medium
in the cells solution or to the plate at the desired density
for analyses.

Methylthiazol tetrazolium (MTT) assay. After
the canine D-17 OSA cells were removed from the stock
when they reached the required number, the MTT
method was used to determine the cytotoxic effect of
clinoptilolite on these cells and the dose range. The main
stock was prepared to obtain a 1,000 pg/mL
concentration of clinoptilolite  converted into
nanoparticles. Diluting the prepared stock solution with
fresh medium, clinoptilolite concentrations of 10, 20, 30,
40, 50, 75, 100, 150, and 200 pg/mL were prepared.
Canine D-17 OSA cells in these solutions were
incubated at 37°C in 95% humidified air and 5% CO, for
24,48, and 72 h. At the end of the incubation, 100 uL of
the prepared MTT solution was added to each sample
and incubated again for 4 h. After the incubation, the
liquid above the cells was removed and 100 pL of
dimethyl sulphoxide was added to each sample, after
which the samples were read at 570 nm. Each
experiment was repeated four times. The wells
containing only cells and medium with no clinoptilolite
were considered positive controls. The data obtained
were used to calculate the ICsp value in Graphpad Prism
5.0 software (GraphPad, San Diego, CA, USA). For
each incubation time, the absorbance values of the
clinoptilolite-treated cells were normalised to the control
value and the 1Cso values were calculated.

Caspase-3 and -7 activity analyses. To examine
caspase-3 and -7 activity, the cells were seeded in
12-well plates at a density of 250,000 cells/well. After
exposure to 10, 20, and 30 pg/mL nanoclinoptilolite
concentrations for 24 and 48 h, caspase-3 and -7 activity
was analysed using the Muse Caspase-3/7 Assay Kit
(Millipore Sigma, St Louis, MO, USA) according to the
user’s guide. Assay results were measured using the
Muse Cell Analyzer (Millipore Sigma).

Determination of BAX and BCL2 gene expression

RNA isolation and ¢cDNA synthesis. The D-17
OSA cells into which nanoclinoptilolite was introduced
were obtained in the form of pellets. For this purpose,
cells were removed with trypsin-EDTA at the end of the
incubation period and centrifugation was performed.
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RNA was isolated from the obtained cells using
a RiboEx commercial RNA isolation kit (GeneAll
Biotechnology, Seoul, Korea) and the concentration of
the RNA samples was measured at 260 nm wavelength
in a Multiskan FC Photometer microplate reader
(Thermo Fisher Scientific, Vantaa, Finland). To obtain
more reliable results at the qRT-PCR stage, the Axso/250
ratio determining the RNA quality was designated, and
cDNA synthesis was carried out with a Transcriptor
High Fidelity cDNA Synthesis kit (Roche, Penzberg,
Germany) with appropriate samples using a LightCycler
Nano real-time PCR system (Roche). The cDNA
obtained was completed to 100 pL, divided into aliquots
and stored at 4°C for immediate use or at —20°C for later
qRT-PCR study.

Preparation of primers. For RT-PCR analysis,
primers were supplied from Atlas Biyoteknoloji
(Ankara, Turkey) in lyophilised form. They were
centrifuged and diluted using H,O with diethyl
pyrocarbonate (DEPC) and a primary stock with
a concentration of 100 uM was obtained. In order to
increase the solubility of the primers, the solutions were
heated in a thermal block at 37°C for 5 min.
An intermediate primer stock in a concentration of
10 uM was prepared from the 100 pM concentration
stock to be used in the PCR reaction. For this purpose,
10 uL was taken from the primer stock and diluted with
90 uL of H>O containing DEPC.

The expression levels of BCL2 and BAX genes
involved in apoptotic pathways were determined using
the QRT-PCR method on a LightCycler 480 (Roche). In
the implementation of the method, the primer sets
specific to the relevant genes were used and
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
served as the reference gene. Cross referencing to the
RNA data of canine BCL2, BAX and GAPDH genes from
GenBank, base sequences were evaluated and checked
using the specificities of the primers created using online
BLAST software (NCBI). Each ¢cDNA sample was
tested three times, and the cycle threshold (Cy) value was
determined. In each replication, the PCR applications
not containing cDNA or reverse transcriptase were used
as negative controls. The C; value was also determined
for GAPDH to be used as the reference gene and the
expression of the tested genes was normalised to this
gene. Next, the AACt method developed by Livak and
Schmittgen (19) was used to calculate the differences
between the groups.

Table 1. Primer sequences used for qRT-PCR

Statistical analysis. All the data were expressed as
mean values + standard deviations. A P value of <0.05
was considered significant. A Shapiro—Wilk test was
used for evaluation of the normality of distributions, and
a one-way ANOVA test was used for normal
distribution. SPSS for Windows version 22 (IBM SPSS,
Armonk, NY, USA) was used to perform statistical
analysis.

Results

The effect of nanoclinoptilolite on canine OSA cell
viability was evaluated by the MTT method. Exposure
of canine D-17 OSA cells to nanoclinoptilolite resulted
in a statistically significant decrease in viable cells in
a time- and dose-dependent manner (Fig. 1 and Table 2).
1Cso values of the cells were 35.64 pug/mL, 26.29ug/mL,
and 7.99 pg/mL at 24, 48, and 72 h, respectively.

There was no statistically significant difference in
caspase-3 and -7 activity in cells inoculated with
10 pg/mL and 20 pg/mL concentrations of clinoptilolite
for 24 h, compared to the control. However, there was
a statistically significant increase in this activity in cells
to which a 30 pg/mL concentration of nanoclinoptilolite
was added. The percentage of early apoptotic cells
induced by this concentration increased to 6.20% and for
late apoptotic cells it increased to 6.57%. The total
apoptotic cell content was determined at 12.77% and
that of dead cells at 0.52% (Table 3, Fig. 2 A-D). Canine
D-17 OSA cells treated with a 10 ug/mL concentration
of nanoclinoptilolite for 48 h showed no statistically
significant difference when compared to the control.
However, the percentage of early apoptotic cells induced
by 20 ug/mL and 30 pg/mL concentrations of
nanoclinoptilolite increased to 4.48% and 8.95%, and
the percentage of late apoptotic cells increased to 9.73%
and 14.85%, respectively (Table 4, Fig. 2 E-G).

Expression of BAX (pro-apoptotic) and BCL-2
(anti-apoptotic) proteins was determined by RT-PCR to
investigate the apoptotic effect, and BAX/BCL-2 ratios
were calculated. There was no significant change in
BAX/BCL-2 ratios compared to the control (0 uM) over
the 24-h incubation period (data not shown). At the end
of 48-h incubation with nanoclinoptilolite, the
BAX/BCL-2 ratio was found to be 3.00-, 8.88-, and
14.24-fold higher compared with the control cells for 10,
20, and 30 pg/mL of nanoclinoptilolite doses,
respectively (Table 5, Fig. 3).

Forward primer

NCBI reference sequence  Gene (5'>3)

Reverse primer
(5-3")

NM_001003142.2 GAPDH

AGTCAAGGCTGAGAACGGGAAA

TCCACAACATACTCAGCACCAGC

NM_001002949.1 BCL2

CATGCCAAGAGGGAAACACCAGAA

GTGCTTTGCATTCTTGGATGAGGG

NM_001003011.1 BAX

TTCCGAGTGGCAGCTGAGATGTTT

TGCTGGCAAAGTAGAAGAGGGCAA
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Table 2. Effect of nanoclinoptilolite on cell viability of canine D-17 OSA. The results represent the mean + standard deviation

Nanoclinoptilolite o i 24h L 48h Lo 72h
concentration % Viability % Viability % Viability

(ug/mL) X+S. X P Xts X X+5. P

Control 100 + 5.66 a 100 £ 6.09 a 100 £3.15 a
10 92.62 +£8.29 a >0.05 60.24 +5.50 b Hkk 56.08 +3.57 b Hkk
20 81.45+5.11 b ok 48.50+1.83 c ok 31.95+2.24 c ok
30 69.35+2.24 c ok 37.27+2.25 d ok 23.23+6.89 cd ok
40 61.66+3.01 cd Hokk 30.12+2.23 de Hkk 19.87 +£5.45 de HkK
50 56.88 +£2.45 de ok 26.16 +4.14 ef ok 15.14+7.29 def ok
75 51.92+2.02 def ok 21.19+0.42 fg ok 12.02 + 1.70 ef ok
100 48.08 +1.87 ef Hkk 19.14 £ 1.55 fg Hkk 10.31+0.26 ef Hkk
150 44.60 + 1.80 f ok 18.19+0.53 g ok 9.41+0.15 f ok
200 43.80+3.91 f Hokk 18.00 +£0.74 g Hokk 9.92£0.28 f Hrk

*P<0.05; ** P<0.01; *** P <0.001 compared to control
abedefe Statistical difference between groups with different letters in the same column is significant

Table 3. Live/apoptotic/necrotic cell ratios in canine D-17 OSA cells treated for 24 h with 10,
20, and 30 pg/mL of nanoclinoptilolite and in control group cells

% live % apoptotic % dead
Control 92.3 £2.36 7.62 +1.83° 0.12+0.017
10 pg/mL 93.65+1.61° 5.78 +0.87* 0.57 +0.18"
20 pg/mL 91.57 +0.43* 7.60 £ 0.32° 0.95 +0.004°¢
30 ug/mL 86.65+0.41° 12.77+£0.51° 0.52+0.07°
P 0.020 0.031 0.05

@ Statistical difference between groups with different letters in the same column is significant

Table 4. Live/apoptotic/necrotic cell ratios in canine D-17 OSA cells treated for 48 h with 10,
20, and 30 pg/mL of nanoclinoptilolite and in control group cells

% live % apoptotic % dead
Control 92.63 +0.63* 7.25+0.732 0.22 £0.04*
10 g/mL 91.3+£0.41% 8.53+£0.93% 0.17 £0.02°
20 pug/mL 85.35+0.30° 14.2+0.5° 0.45 +0.09*
30 pg/mL 23.8 +1.96¢ 23.8 +£1.93¢ 1.2+0.03°
P 0.020 0.031 0.05

¢ Statistical difference between groups with different letters in the same column is significant

Table 5. Effect of nanoclinoptilolite on the Bax/Bcl-2 ratio in
canine D-17 OSA cells for 24 and 48 h (* P<0.05)

Nanochnoptllohte 24h 48h
concentration
10 pg/mL 0.44 3.00
20 pg/mL 0.44 8.88
30 pg/mL 0.75 14.24
120 -
100
£ g0
Z
o 60
1]
= m24h
= 40
[w] mA8h
20 72h
0
Q_O\' \é‘\' \@\' ¢}<°\' q}é‘\' \4‘\' \6‘\' \@' & \'5}'
o‘<\ oF ¥ ¥ ¥ P F P Q‘?) o
S R S R RN LK PN
Nanoclinoptilolite concentrations

Fig. 1. Effect of nanoclinoptilolite on cell viability of canine OSA D-17
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Fig. 3. Effect of nanoclinoptilolite on the BAX/BCL-2 ratio in canine D-17 OSA -cells

Discussion

The biological activities of clinoptilolite include
glucose absorption, diarrhoea symptom relief, and
immune response stimulation (16). It was shown that
chitosan-coated clinoptilolite nanoparticles statistically
significantly decreased canine D-17 OSA cell viability
at 24, 48, and 72 h. There are various studies
administering clinoptilolite to cancer cells in pure form
(6, 16, 23, 24). In these studies, the researchers
challenged cancer cells with clinoptilolite and
investigated various pathways in cancer cell lines.
Pavlevic et al. (23) used small clinoptilolite particles to
investigate the mechanical therapeutic effect of natural
clinoptilolite and its toxic and anti-cancer effects. They
administered clinoptilolite at doses of 0.5, 5, and
50 mg/mL to diploid fibroblast (Hef522), cervical

carcinoma (HeLa), colon carcinoma (CaCo-2, HT-29,
and SW-620), breast carcinoma (MCF-7 and SkBr-3),
and mouse fibrosarcoma cell lines and carried out
a viability assay by MTT at the end of a 72 h incubation.
They found that cell proliferation was significantly
inhibited by a dose of 50 mg/mL in all cell lines except
Hef522 and SW620. In this study, the strongest
inhibition (50%) was observed in mouse fibrosarcoma
cells. One of the action mechanisms of zeolites is
reported to be the absorption of serum components (7).
Adsorption of molecules involved in signal conduction
steps such as inositol phosphatides and calcium may also
contribute to their therapeutic efficacy. They have been
reported to be strong performers in lipid absorption
studies. Similar results have been observed in the
adsorption of proteins. Alterations in membrane
sequence and interactions of membrane proteins with
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other proteins may also take place since membrane
translocation is required for activation of protein kinase
B/Akt (25). Researchers have reported that zeolite
administration leads to inhibition of protein kinase
B/Akt pathways in the cell and then results in apoptosis
(22). Akt has been reported to inactivate p27KIP1,
an important cyclin inhibitor and tumour suppressor
molecule, which has been shown to be activated by
antioxidants (9). Moreover, researchers have shown that
zeolites absorb and deactivate nitric oxide and other
oxidants. The study by Katic et al. (16) showed that
proliferation was inhibited in clinoptilolite-challenged
mouse fibrosarcoma (FSAR), small-cell lung carcinoma
(SCCVII), human pancreatic carcinoma (MiaPaCa2),
and normal diploid fibroblast (V138) cell lines and
demonstrated by MTT test that apoptosis was also
activated. Ashana Gazhi et al. (6) aimed to investigate
the anti-cancer effect of zeolites other than
clinoptilolites in cancer cell lines in vitro. For this
purpose, they carried out viability tests with MTT in
cervical carcinoma (HeLa), human pancreatic tumour
(AsPc-1), and human embryonic retinoblast (HER) cells
to which were applied zeolite X and zeolite Y at doses
of Smg/mL and 50 mg/mL, respectively. They reported
that both zeolites inhibited proliferation and reduced cell
viability. They also suggested the use of zeolites as
an alternative and complementary method in the
treatment of cancer.

Chitosan is a molecule used in the fields of
biotechnology and pharmaceutics. Coating drug
nanoparticles with it improves drug delivery systems
(3, 15). A chitosan-coated nanoparticular form increases
the specificity and bioavailability of drugs and reduces
the toxicity of drugs used in the treatment of cancer (15).
This polysaccharide has many important biological
properties, including bioactivity, biodegradability, and
biocompatibility ~with reactive chemical groups
containing NH, and OH (3). Previous studies have
confirmed that some types of nanoparticles can prevent
the proliferation of cancer cells and that apoptosis of
cancer cells is associated with reactive oxygen species—
mediated (ROS-mediated) pathways (15). In this study,
clinoptilolite, which is a natural product itself, was
coated with a natural polymer, chitosan, and made to
interact with cancer cells. Ali et al. (3) in their study
added chitosan-coated methotrexate to human MCF-7
breast cancer cell lines at doses of 10, 20, 30, 40 and
50 pg/mL and the cell viability was measured by MTT
analysis after 24, 48, and 72 h. It was shown that
chitosan-coated drug nanoparticles statistically
significantly decreased cell viability at 24, 48, and 72 h.
In addition, the same researchers reported that chitosan-
coated methotrexate decreased cell viability much more
effectively than pure methotrexate and chitosan applied
separately and its anticancer effect was more evident.
Cengiz (8) also applied chitosan-loaded nanoparticles to
MCF-7 human breast cancer cells and found that
chitosan had no toxic effect on them. It was also shown
that the necrotic effect was more dominant in the cells

exposed to small interfering RNA (siRNA) and the
apoptotic effect was more dominant in the siRNA-
loaded chitosan nanoparticle-administered cells.
Almutairi et al. (4) showed that chitosan-coated
raloxifene reduced cell proliferation more effectively
than the free drug and induced apoptosis in human lung
and liver cancer cells. Saravanabhavan et al (29)
reported that the chitosan carrier system did not cause
any toxicity to normal osteoblast cells or degrade their
viability. Chitosan nanoparticles were demonstrated to
directly cause cell apoptosis by inducing intracellular
ROS-mediated mitochondrial damage and ER stress in
a study by Jiang et al. (15) evaluating their effects on
hepatocellular carcinoma cells based on endoplasmic
stress and ROS-mediated mitochondrial damage.
Chitosan nanoparticles with a small particle size and
positive surface charge were reported to exhibit high
anti-tumour activity in hepatocellular carcinoma cells
and might be a promising agent for further evaluation in
cancer therapy.

Caspases play an important role in the apoptotic
process. During apoptosis, caspase activity causes
damage in DNA, leading to further destruction of
cellular components by changing cell morphology. In
this study, it was found that 24 h incubation of a D-17
cell culture in which nanoclinoptilolite was administered
at different doses increased the apoptotic cell rate at
a dose of 30 ug/mL, while 48 h incubation effectively
induced apoptosis at both 20 pg/mL and 30 ug/mL
doses. This effect of nanoclinoptilolite on D-17 cells was
observed to occur through the caspase-3 and -7 activity.
Nanoclinoptilolite ~ demonstrates this effect by
interacting with multiple molecular targets, and this
occurs by activation of biochemical pathways that
induce apoptosis. The BCL-2 family are proteins
involved in the regulation of apoptosis and act by
suppressing or stimulating cell death (11). BAX protein
is a member of the BCL-2 family that induces apoptosis,
whereas BCL-2 blocks programmed cell death without
affecting cellular proliferation (28). The balance
between pro-apoptotic and anti-apoptotic proteins can
determine the occurrence of apoptosis. Downregulation
of BCL-2 expression may result in an increase in the
BAX/BCL-2 ratio and an increase in free BAX. In such
case, BAX activates apoptotic cascades by undergoing
translocation in the mitochondria (1). In this study, it
was found that 24 h incubation of different doses of
nanoclinoptilolite did not cause a significant change in
the BAX/BCL-2 ratio. However, following 48 h of
incubation, it induced apoptosis by causing a 3-, 8.8-,
and 14.4-fold increase in the BAX/BCL-2 ratio at doses
of 10, 20, and 30 pg/mL, respectively. Consequently, it
was determined that nanoclinoptilolite changed the ratio
between BAX and BCL-2 in favour of apoptosis after
48 h of incubation. This rate is an important predictor
demonstrating the activation of the mitochondrial
apoptotic pathway and is used for this purpose in studies
(14, 17, 33).
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In conclusion, the polymer chitosan as a drug
delivery system is currently widely favoured as
an effective and useful nanoparticular material.
Clinoptilolite, a natural zeolite, was converted into
a nanoparticle in this study by encapsulation with
chitosan. To determine its effect on cancer cells, it was
administered to canine OSA cells at different doses and
durations, and its influence on cell proliferation and
apoptosis was determined for each dose and duration. It
was found that the nanoparticular form of clinoptilolite,
which in ordinary particular form was previously
demonstrated to have anticancer properties by
decreasing cell wviability, effectively and rapidly
increased apoptotic cell ratio and exhibited this effect by
causing an increase in BAX/BCL-2 ratio. In addition, it
was concluded that nanoclinoptilolite showed this effect
at much lower doses compared to the levels at which it
was used in its pure form in the previous studies.
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