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Abstract
Cancer is a major health problem in dogs. Types of cancer seen in dogs include melanoma, Non-Hodgkin lymphoma, osteosarcoma, soft tissue 
sarcomas and prostate, breast, lung and colorectal carcinomas. Osteosarcoma (OSA) is the most common malignant primary bone tumor in 
domestic dogs. It constitutes 85% of skeletal tumors. It is derived from primitive bone cells that occur in both the appendicular (~75%) and 
axial (~25%) skeleton. The present study was intended to determine the cytotoxic and apoptotic eff ects of curcumin administration at certain 
doses and in certain periods on D-17 canine osteosarcoma cells. Canine osteosarcoma cells were treated with curcumin and the eff ects of 
it on proliferation were determined by WST-1, apoptosis by caspase 3/7 activity (MuseCaspase 3/7) and the ratio of proapoptotic Bax gene 
to antiapoptotic Bcl-2 gene expression level by qRT-PCR. Our data demonstrated that curcumin decreased cell proliferation and viability, 
ultimately inducing caspase 3/7 mediated apoptosis in treated D-17 canine osteosarcoma cells. Furthermore, the application of curcumin 
on canine osteosarcoma cells downregulated the expression of Bcl-2 and upregulated the expression of proapoptotic gene Bax. Thus, these 
results may provide a basis for further study of curcumin in the treatment of canine osteosarcoma.
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Kurkuminin D-17 Köpek Osteosarkom Hücre Hattı Üzerindeki 
Sitotoksik ve Apoptotik Etkileri

Öz
Kanser, köpeklerde büyük bir sağlık sorunudur. Köpeklerde görülen kanser türleri arasında melanom, Non-Hodgkin lenfoma, osteosarkom, 
yumuşak doku sarkomları ve prostat, meme, akciğer ve kolorektal karsinomlar bulunur. Osteosarkom (OSA) evcil köpeklerde en sık görülen 
kötü huylu birincil kemik tümörüdür. İskelet tümörlerinin %85’ini oluşturur. Hem apendiküler (~%75) hem de aksiyal (~%25) iskelette meydana 
gelen ilkel kemik hücrelerinden türemektedir. Bu çalışmanın amacı, belirli dozlarda ve belirli periyotlarda kurkumin uygulamasının ardından 
D-17 köpek osteosarkom hücreleri üzerindeki sitotoksik ve apoptotik etkilerini saptamaktır. Kurkumin uygulanan köpek osteosarkom 
hücrelerinde proliferasyon üzerindeki etkileri WST-1 analiziyle, apoptotik etkileri ise kaspaz 3/7 aktivitesi (MuseCaspase 3/7) ve proapoptotik 
Bax geninin antiapoptotik Bcl-2 gen ekspresyon düzeyine oranı ile belirlendi. Verilerimiz kurkuminin D-17 köpek osteosarkom hücrelerinde 
hücre proliferasyonunu ve canlılığını azalttığını, kazpaz 3/7 aracılığıyla apoptozu indüklediğini göstermektedir. Bunun yanında kurkuminin 
köpek osteosarkom hücrelerine uygulanması Bcl-2’nin ekspresyonunu azalttı ve proapoptotik gen Bax ekspresyonunu arttırdı. Bu nedenle, 
bu sonuçlar, köpek osteosarkoma tedavisinde kurkumin ile ilgili daha fazla çalışma için bir temel sağlayabilir.

Anahtar sözcükler: Apoptoz, bax/bcl-2, Köpek osteosarkom, Kaspaz 3/7, Kurkumin

introduction

Osteosarcoma (OSA) is the most common type of malignant 
bone cancer found in dogs, and is about 10-50 times more 
common in dogs than in humans [1]. OSA, which constitutes 

approximately 85% of primary canine bone tumors, arises 
from mesenchymal cells and is mostly seen in long bones 
such as knee, hip and shoulder [2,3]. The tumor grows 
rapidly inside the bone and becomes more painful as 
it grows outward [4]. In humans, it is predominantly seen 
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in adolescents and young adults and the most common 
incidence is between the ages of 10-15. Unlike human 
OSA, canine OSA is more common in older dogs [5] and 
it accounts for 80-85% of bone tumors in dogs 2 to 15 
years old [6]. It is locally invasive and highly metastatic 
and this case makes it difficult to treat [4]. While it usually 
metastasizes to the lungs, it also spreads to other bones. 
In dogs, tumors spread hematogenously into the lungs 
earlier than in humans and they begin to develop micro-
metastases [7]. While lower than 45% of the affected dogs 
can survive only in the first year despite appropriate 
surgical and chemotherapeutic protocols [8], less than 20% 
of them can survive more than 2 years after diagnosis [9].

Treatment of OSA is very difficult both in humans and 
in dogs. For this reason, despite the advanced cancer 
treatment methods, the annual survival rate in dogs is 
around 45%, while this rate in people with OSA has not 
changed lately [10]. The low survival rate in dogs with OSA 
highlights the need for new therapeutic approaches [11,12]. 
Today, osteosarcoma is usually treated with the preoperative 
chemotherapy, with the amputation or tumor resection for 
limb salvage and with the postoperative chemotherapy [3]. 
However, the use of chemotherapeutic agents is limited 
due to severe toxicity. Therefore, the ultimate goal of 
this study is to demonstrate the need for new studies to 
discover effective chemotherapeutics with appropriate and 
minimal toxicity. 

Apoptosis is a physiological process responsible for the 
elimination of cells that have completed certain functions 
or that damage the growth and development of the 
organism. Cell apoptosis plays a central role in the control 
of cell proliferation and therefore has a significant role in 
preventing tumor growth [13]. Two characteristic apoptotic 
pathways, called as extrinsic and intrinsic pathways, have 
been identified [14]. The intrinsic pathway is activated as a 
result of death signals that may occur due to DNA damage, 
growth factor deficiency and oxidative stress, and these 
signals are carried to the mitochondria by two proapoptotic 
members of the Bcl-2 family (Bax, Bad), creating a large pore 
formation on the surface of the mitochondria [15,16]. Thus, 
there is a large increase in mitochondrial outer membrane 
permeability and cytochrome-c release is performed by 
breaking the mitochondrial outer membrane. The Bcl-2 
family contains some pro-apoptotic (eg: BAK and BAX) 
and some anti-apoptotic proteins (eg: BCL-2, Bcl-xl) [17,18]. 
Among these, Bcl-2 and Bax are key proteins for apoptosis 
or survival [19].

Curcumin, [(1E, 6E) -1, 7-bis (4-hydroxy-3-methoxyphenyl) 
-1,6-heptadiene-3,5-dione or diferuloylmethane] is a yellow 
-orange phenolic compound obtained from the ribosomes 
of the turmeric plant (Curcuma longa L.) [20]. This compound 
has anti-inflammatory, antioxidant,  and chemopreventive 
properties, and chemotherapeutic potential with no 
obvious side effects [21,22]. It exhibits beneficial effects on 
numerous diseases such as diabetes, allergies, asthma, 

hepatic diseases, arthritis, Alzheimer’s disease, cardio-
vascular diseases and cancer [23-25]. Curcumin has been shown 
to modulate multiple cell signaling pathways such as 
apoptosis, proliferation, angiogenesis, and inflammation [19].

Preclinical studies have proven that curcumin inhibits 
cell proliferation in various cancer cell lines, including 
breast, cervical and pancreatic cancers [19]. In addition, 
recent studies have shown that curcumin, alone or in 
combination with other anticancer agents, can effectively 
induce apoptosis [26]. Curcumin has been proven to display 
antitumoral effects on a wide variety of human cancer cell 
lines and to induce apoptotic cell death [27-29]. 

Chemotherapeutic agents used in veterinary oncology 
are generally applied by making use of the information 
obtained in human medicine. However, this practice 
is controversial due to the interspecies differences in 
pharmacokinetic parameters and the sensitivity of tumor 
cells to cancer therapeutic compounds [30]. Consequently, 
for the treatment of canine osteosarcoma, it is of great 
importance to develop and/or discover low cost, less 
toxic and highly efficient therapeutic agents that increase 
survival rates. Although the antiproliferative effect of 
curcumin has been shown in many cell lines, our study 
will contribute to the literature since it is a specific dose 
study that can be used in veterinary oncology, since it was 
performed with a dog cell line.

In our study, we were going to explore that curcumin 
exhibits antineoplastic potency in a metastatic canine 
osteosarcoma cell line (D-17) in vitro. To assess this 
hypothesis we exposed canine OSA cell lines to curcumin 
and determined in vitro measures of proliferation. 
Furthermore Bax/Bcl-2 expression ratio was determined 
by qRT-PCR as an indicator of apoptosis, and apoptosis was 
confirmed by determination of caspase 3/7 activity.

Material and Methods

Cell Culture and Treatment

The canine osteosarcoma cell line D-17 was purchased from 
the American Type Culture Collection (ATCC, Manassas, VA). 
Osteosarcoma cells were cultured in Minimum Essential  
Medium Eagle medium (MEM; Sigma, M4655) supplemented 
with 10% heat in-activated fetal bovine serum (FBS, Sigma, 
F0804), 0.1% 10.000 U/mL penicillin/ streptomycin (Gibco), 
1% nonessential amino acids, 0.11 g/L pyruvic acid (sodium 
salt) and incubated at 37ºC in a humidified atmosphere of 
5% CO2 in air. The medium was refreshed every 2-3 days. 
After about 90% of confluence, the cultured cells were 
detached with 0.25% trypsin-EDTA (Sigma T4049) and sub-
cultured. 

Curcumin (Sigma, C1386) was dissolved in culture medium 
with 1% DMSO, the solution was added to the culture 
medium to reach final concentrations of 2.5, 5, 10, 25, 
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40, 50, 75, 100 μM. Control group (concentration 0) were 
cultured without curcumin and medium containing 1% 
DMSO. 

Cell Proliferation Assay

The effect of curcumin on D-17 canine OSA cell proliferation 
was initially determined by cell proliferation analysis 
using commercial cell proliferation kit 2-(4-iodofenil)-3-(4-
nitrofenil)-5-(2,4-disülfofenil)-2H-tetrazolyum or WST-1 
which is one of the proliferation tests based on metabolic 
activity. Cells (1x104 cells per 200 μL medium per well) 
were seeded in 96-well plates and allowed to attach for 
24 h. There after, medium was changed and cells of the 
experimental groups were treatment with 2.5-5-10-25-
40-50-75 or 100 μM curcumin whereas the control group 
was treated with DMSO (1%). After 24, 48, and 72 h 
incubation, 100 μL WST-1 solution was added to each well 
and the cell was incubated for 3 h at 37ºC in a humidified 
atmosphere of 5% CO2 in air. After incubation and mixing 
gently for one minute on an orbital shaker, the absorbance 
of each well was measured using a microplate-reader 
(Multiskan™ FC Microplate Photometer, Thermo Fisher, 
Finland) in absorbance mode at a wavelength of 450 
nm. The mean absorbance of the four-time repeated 
measurements per curcumin concentration was related to 
the mean absorbance of the control and expressed as the 
percentage of control. Dose–response curves and IC50 (The 
half maximal inhibitory concentration) were established 
with Graphpad Prism. 

RNA Isolation and cDNA Synthesis

Total RNA isolation was performed according to the 
manufacturer’s instructions with a Hybrid-RTM RNA 
Isolation kit (GeneAll R Biotechnology, South Korea) after 
24 and 48 h incubation times from canine OSA D-17 cells 
treated with curcumin at specified concentrations (0, 10, 
25, 40 and 50 µM). cDNA synthesis was achieved using 2 
μg total RNA using the HyperScript First Strand Syntesis Kit 
(GeneAll Biotechnology, South Korea). Then, 1/20 of the 
resultant cDNA was used for each PCR reaction in a total 
volume of 20 μL. 

Real-Time Quantitative Polymerase Chain Reaction  
(RT-PCR)

Gene expression was evaluated by Quantitative real-time 
PCR (qPCR). qRT-PCR was carried out using SYBR® Green PCR 
Master Mix (Applied Biosystems kit) and LigthCycler®480 
(Roche Diagnostics GmbH, Mannheim, Germany). Specific 
primer sets designed and utilized for canine bax, bcl-
2 and house keeping gene gapdh were listed in Table 1. 
The annealing temperature for this primer was 60ºC. 
Fluorescence was determined by Step One Plus (Applied 
Biosystems) at each amplification cycle and analyzed by 
Step One Software 2.1 (AppliedBiosystems). Ct values 
representing the number of amplification cycles were 
obtained for all samples. The expression levels for all the 

genes analyzed were normalized to GAPDH. The protocol 
was performed in triplicate. 

Caspase 3/7 Activity Assay

Canine OSA D-17 cells were seeded in 12-well plates at a 
density of 2.5x105 cells/well and incubated overnight. Cells 
were treated with various curcumin concentrations (5, 
10, 25, 40, 50 µM) for 24 and 48 h. Wells with media only 
were included as controls. All experiment were done in 
triplicates for each dose treatment. Apoptotic and necrotic 
cell ratios in the cell suspension obtained after incubation 
were determined by Muse Cell Analyzer (Merck Millipore) 
using the MuseCaspase 3/7 (MCH100108) kit according to 
the manufacturer’s protocol.

Statistical Analysis

All experiments were done in triplicates for each dose 
treatment. All data were presented as mean values ± 
standard error (SE). A P value of <0.05 was considered as 
significant. A Shapiro-Wilk test was used for evaluation 
of the normality of distributions. The one-way analysis of 
variance (ANOVA) test (for Windows Release 22.0 Standart 
Version Copyright© SPSS Inc. Chicago, IL, USA) was used 
for evaluating the differences in the data. Statistical 
significance (P<0.05) was established by the post hoc 
Tukey’s pairwise comparison. 

The IC50 values were calculated by four-parameter non-
linear regression using GraphPad Prism v.5.0 software 
(GraphPad Software, Inc., La Jolla, CA, USA). The data 
were performed replication in four-time for each dose in 
cell proliferation assay, and data are presented as mean ± 
standard error (SE).

results

Curcumin Inhibits Population Growth in Canine OSA Cells 

Effect of curcumin on canine OSA cell viability was evaluated 
by WST-1 method. Canine OSA D-17 cells exposed to 
curcumin resulted in a significant decrease in viable cells 
in a time and dose-dependent manner (Fig. 1-A,B,C). A 
dose-effect curve was created using the GraphPad Prism 
5 program with the dose-dependent viability results 
obtained by WST-1 viability analysis (Fig. 2-A,B,C). IC50 values 
of canine OSA D-17 cells were 61.51, 47.80 and 39.41 μM  

Table 1. Primers for RT-PCR

Gene Primer Base Sequences (5´        3´)
Amplicon Length 

(bp)

Bax F: TTCCGAGTGGCAGCTGAGATGTTT
R: GCTGGCAAAGTAGAAGAGGGCAA 79

Bcl-2 F:CATGCCAAGAGGGAAACACCAGAA
R: GTGCTTTGCATTCTTGGATGAGGG 76

Gapdh F: AGTCAAGGCTGAGAACGGGAAA
R: TCCACAACATACTCAGCACCAGC 114
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at 24, 48 and 72 h, respectively. There was observed no 
significant eff ect on cell proliferation at 0-10 µM curcumin 
concentration during the 24 h incubation period (P>0.05). 
After 48 and 72 h incubation times, there was a decrease 
in cell viability in low doses (2.5, 5 and 10 µM) compared 
to the control group, but no statistically significant diff erence 
was found between the doses. Curcumin caused significant 
decreases in cell viability due to dose and time in increasing 
doses, and this decrease was found to be statistically 
significant (P<0.001).

Curcumin Increases the bax/Bcl2 Ratio in Canine OSA 
D-17 Cells

Expression of Bax (proapoptotic) and Bcl-2 (antiapoptotic) 
proteins were determined by RT-PCR method to investigate 

the apoptotic eff ect of curcumin on canine OSA D-17 cells 
and thus bax/bcl-2 ratios were evaluated. Canine OSA 
D-17 cells were treated with diff erent concentrations of 
curcumin (0, 10, 25, 40, 50 µM) for 24 and 48 h. There was 
no significant change in Bax/Bcl-2 ratios compared to the 
control (0 µM) in 24-h incubation period (P>0.05), (Data 
not shown). End of 48 h incubation with curcumin, bax/
bcl-2 ratio was found to be 1.79, 3.10 and 5.6 fold increase 
compared with the control cells for 25, 40 and 50 µM 
curcumin doses, respectively (P<0.05), (Fig. 3).

Curcumin Toxicity is Associated with Caspase Activation 
in Canine OSA D-17 Cells

Cell viability in canine OSA D-17 cells treated with 5, 10 
and 25 μM curcumin during 24 h was not signifi cantly 

Fig 1. Eff ect of curcumin on cell viability of canine OSA D-17. Cells were treated with diff erent concentrations of curcumin (0, 2.5, 5, 10, 25, 40, 50, 75, 
100 μM) A- 24 h, B- 48 h, C- 72 h. The results represent the mean±standard deviation, * P<0.001 relative to control

Fig 2. A dose-effect curve was created using the GraphPad 
Prism 5 program with the dose-dependent viability results 
obtained by WST-1 viability analysis of curcumin-administered 
D-17 canine osteosarcoma cell

Fig 3. Eff ect of curcumin on the Bax/Bcl 2 ratio in canine OSA 
D-17 cells. Cells were treated with different concentrations of 
curcumin (10, 25, 40 and 50 μM) for 48 h
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changed that due to caspase 3/7 activity compared to the 
control group (P>0.05). The percentage of early apoptotic 
cells induced by 40 µM and 50 µM curcumin increased to 
5.73% and 9.51%, and the percentage of late apoptotic 
cells increased to 6.75% and 6.25%, respectively (P<0.05). 

The application of 5, 10 and 25 µM curcumin for 48 h did 
not affect viability significantly (P>0.05) however the 
percentage of early apoptotic cells 15.27% and 39.85% 
and late apoptotic cells 5.25% and 13.95% at 40 µM and 50 
µM curcumin doses, respectively during 48 h (P<0.05). As a 

Fig 4. Caspase 3/7 activity after treatment with 
diff erent concentrations of curcumin (0, 5, 10, 25, 
40 and 50 μM) for 24 h in canine OSA D-17 cells-

24 H

48 H

Fig 5. Caspase 3/7 activity after treatment with 
diff erent concentrations of curcumin (0, 5, 10, 25, 
40 and 50 μM) for 48 h in canine OSA D-17 cells



470

Cytotoxic and Apoptotic Effects of Curcumin on D-17 Canine ... Research Article

result of the analysis based on the measurement principle 
of caspase 3/7 activity, it was observed that 40 and 50 
µM curcumin application decreased viability and caused 
apoptosis in proportion according to total apoptotic 
ranges as 12.48% and 15.76% for 24 h and 20.62% and 
53.8% for 48 h (P<0.05) (Fig. 4, Fig. 5; Table 2, Table 3).

discussion

Today, veterinarians’ current options in the treatment of 
osteosarcoma are palliative therapy, limb-sparing anti-
cancer therapy, preparation for surgery by reducing the 
size of the tumor to remove it, or prevent metastasis to  
other tissues. In addition, post-operative treatments prevent 
recurrence of the tumor [9,11,12,31]. The purpose of chemo-
therapy and radiation treatments among these applied 
cancer therapies is to kill tumor cells because these cells are 
more sensitive to the effects of these drugs and methods, 
at least in adults, since they grow at a much faster rate than 
healthy cells [32]. However, losses occurring in healthy cells 
as well as tumor cells are a disadvantage of the treatments 
applied. For this reason, new treatment searches are 
required for healthy cells in the treatment of cancer that 
provide the induction of apoptosis by targeting molecules 
that have less toxicity but are located on apoptotic 
pathways in cancer cells [33]. It has been proven in many 
studies that phytochemicals affect gene expression of 
many different target molecules that modulate the signal 
transduction pathway, cell cycle, cell metabolism and 
apoptosis, and have antitumor effects. Therefore, more 
emphasis has been placed on phytochemicals and their 
antitumor effects in recent years [33,34].

Turmeric (Curcuma longa) is a plant that has medicinal 
value in both human and animal health [35]. Curcumin is 
a phytochemical compound in the class of flavonoids 
with various pharmacological properties and is obtained 
from the roots of the Curcuma longa plant that is used 
as a herbal diet and medicine [33]. Curcumin has a wide 
pharmacological action and low toxicity and is well 
tolerated by humans [3,36]. Curcumin is a highly pleiotropic 
molecule that modulates the activation of transcription 
factors, kinases, cytokines, various enzymes (eg, MMP, 
iNOS, GST, and ATPase), cell cycle (Cyclin D1 and cyclin E), 
growth factors (eg, EGF, NGF, HGF, and PDGF) and numerous 
targets involved in invasion, migration, angiogenesis, and 
apoptosis [37-39]. Curcumin can affect the skeletal system as 
many of the mentioned curcumin targets participate in the 
regulation of bone remodeling [20].

The effects of curcumin on osteoarcoma have been 
investigated in human osteosarcoma cell lines such as 
MG63, U2OS, MNNG/HOS, SAOS-2 and KHOS, and it has 
been determined that it has antiproliferative and apoptotic 
effects [3,20,40-43]. However, studies on canine osteosarcoma 
and specifically the D-17 cell line are limited. When our 
data is evaluated, it will be seen that curcumin inhibits the 
proliferation of canine OSA D-17 cells in a dose and time 
dependent manner.

It was found that D-17 canine OSA cells treated with 
curcumin had an IC50 value of 61.51 µM in the first 24 h 
and in short-term exposure to curcumin, cytotoxic activity 
increased at high doses. At 48 and 72 h, IC50 values were 
determined as 47.80 and 39.41 µM, respectively, and it was 

Table 2. Live/apoptotic/necrotic cell ratios in canine D-17 OSA cells treated for 24 h with 5, 10, 25, 40 and 50 μM of curcumin and in control group cells

Group % Live % Apoptotic % Dead

Control 95.45±1.26a 3.25±0.74a 0.68±0.19

5 μM 97.25±1.61a 2.58±0.87a 0.43±0.13

10 μM 96.27±1.43a 3.60±0.52a 0.25±0.048

25 μM 96.65±0.41a 2.77±0.81a 0.32±0.062

40 μM 87.25±0.89b 12.48±1.15b 0.36±0.14

50 μM 83.56±2.56c 15.76±2.03 c 0.10±0.011
abc 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 48 h with 5, 10, 25, 40 and 50 μM of curcumin and in control group cells

Group % Live % Apoptotic % Dead

Control 95.00±1.16a 4.95±1.24a 0.10±0.007

5 μM 94.65±1.23a 5.28±1.27a 0.13±0.013

10 μM 94.27±1.78a 5.60±1.50a 0.15±0.008

25 μM 93.65±0.91a 6.17±0.21a 0.12±0.043

40 μM 79.15±1.19b 20.62±1.15b 0.33±0.13

50 μM 47.16±1.56c 53.8±1.12 c 0.15±0.03
abc Statistical difference between groups with different letters in the same column is significant
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concluded that the cells were more sensitive to long-term 
curcumin exposure. Our results are in line with the results 
of some studies based on the antiproliferative efficacy of 
curcumin with human and canine OSA cells. Lee et al.[41] 
reported that when they treated human osteosarcoma 
(HOS) cells with 0-20 µg/mL curcumin for 48 h, a dose-
dependent reduction in cell proliferation occurred. Fossey 
et al.[44] investigated the anti-proliferative and apoptotic 
effects of FLLL32 compound obtained by modification of 
curcumin in order to improve the potential and biochemical 
properties of curcumin and after administration of FLLL32 
particularly at concentrations above 0.75 µm (2.5 and 7.5 
µm), there were significant reductions in the proliferation 
of both canine (OSA-8, 16 and D-17) and human (SJSA and 
U2OS) OSA cell lines. Canine cell lines have been found to 
be somewhat resistant, while human cell lines are more 
sensitive to curcumin treatment. Yu et al.[45] found that 
the proliferation of MG-63 cells, which were incubated 
with curcumin for 24 h, 36 h and 48 h in the range of 
0-40 μM and at different concentrations, were inhibited 
significantly in a dose and time dependent manner. In 
another study comparing the effects of curcumin on the 
viability of MG-63 osteosarcoma cells and healthy human 
osteoblasts on different concentrations, when exposed 
to 5 and 10 μM curcumin, no statistical difference was 
observed in the density of healthy osteoblast cells, while 
the density of osteosarcoma cells decreased 0.6 and 5.3 
times, respectively, compared to the control group [42]. 
The effect of LipocurcTM formulation, designed to enhance 
the bioavailability of curcumin, on cell viability in canine 
OSA, melanoma and mammary carcinoma cell lines was 
investigated. A concentration-dependent decrease in cell 
viability was determined in all cell lines at concentrations 
above 2000 ng/mL, and the D-17 cell line was found to be 
significantly less sensitive to LipocurcTM than both MG-63 
and U2OS cell lines [46].

Induction of apoptosis, an actively regulated cellular 
process that causes cell death after specific stimuli are 
received in tumor cells, without cytotoxic effect in healthy 
cells in cancer therapy [47], is an approach on which 
many studies have been conducted in recent years [15,26]. 
Regulation of the level of some pro-apoptotic and anti-
apoptotic proteins involved in the apoptotic process 
or activation of apoptotic enzymes causes apoptosis to 
occur in cells. This is achieved by the Bcl-2/Bax gene family 
and the activation of caspases [48,49]. While proapoptotic 
Bax protein interacts with membrane pore proteins to 
increase cytochrome c release, antiapoptotic Bcl-2 inhibits 
apoptotic signals by restricting proapoptotic Bax and thus 
the cytochrome c release [15]. Cells having a high Bax/Bcl-
2 ratio are more sensitive to certain apoptotic stimuli [50]. 
Therefore, changes in Bax and Bcl-2 levels are important 
in determining whether cells will undergo apoptosis. The 
effects of apoptosis induction are more dependent on 
the ratio between these two proteins (Bax/Bcl-2) rather 
than the amount of Bcl-2 or Bax [51]. In our study, a dose-

dependent increase in the Bax/Bcl-2 ratio was observed 24 
h after treatment with curcumin in canine OSA D-17 cells. 
However, after 48 h of incubation, a significant increase in 
Bax/Bcl-2 ratio was detected, especially at 40 and 50 μM 
concentrations. Our results show that the strong anticancer 
activity of curcumin is associated with the concordant 
modulation of the expression rate (Bax/Bcl-2) of two major 
proteins that play a critical role for apoptosis induction 
by the intrinsic pathway. Curcumin has been reported to 
cause a decrease in cellular levels of Bcl-2 and an increase 
in cellular levels of Bax in various cancer cells [52,53]. Shankar 
et al.[52] and Anto et al.[54] determined that the regulation 
of Bcl-2 and Bax proteins by curcumin administration is 
a major factor for apoptosis caused by curcumin. Jin et 
al.[43] showed that curcumin can induce apoptosis in U2OS 
cells by increasing mitochondrial membrane permeability 
by downregulation of Bcl-2 and upregulation of Bax, 
Bak and p-Bad, and the treatment of U2OS cells with 
curcumin resulted in a significant inhibition of cell growth. 
Curcumin has been proven to induce apoptosis associated 
with the regulation of Bax/Bcl-2 protein expression in 
human hepatoma cells (SMMC7721) [33]. In addition, Jun 
et al.[3] found that there was a significant increase in Bax/
Bcl-2 ratios depending on the dose after the human 
osteosarcoma cell line U2OS and MG-63 had been exposed 
to curcumin for 24 h. 

Effector caspases (caspase 3, 7) also act on a range of 
different target proteins that play important roles in 
mediating the apoptotic response [55]. The results we 
obtained show that high doses of curcumin (40-50 µM) 
can induce apoptosis based on Caspase 3/7 activation. 
The highest apoptotic rates were determined for a dose 
of 50 μM curcumin in 48 h, indicating the long incubation 
time and high dose caspase-induced apoptotic pathway. 
Subramaniam et al.[56] found that the activation of 
effector caspase 3 and caspase 7 increased within 24 h in 
esophageal adenocarcinoma TE-7 cell line treated with 
curcumin. Another study showed that curcumin could 
activate caspase 3/7 in a dose-dependent manner (0, 10, 
20, 30 μmol/L) within 24 h, thereby inducing apoptosis in 
human colon cancer HCT116 and SW480 cell lines [57]. Levine 
et al.[58] determined that caspase 3/7 activation was also 
induced in 3 different canine cell lines (C2 mastocytoma, 
CMT-12 mammary carcinoma and D-17 OSA) to which they 
applied turmeric root, which is the source of curcuminoids. 
They determined that there was a significant increase in 2 
and 2.5 times in apoptotic cells, especially in C2 and CMT-12 
cell lines. McNally et al.[59] determined that when doses of 
curcumin above 25 µm were administered to human liver 
cancer HUH7 cells, it reduced vitality depending on the 
increased concentration within 24 h. Furthermore, it was 
detected that caspase 3/7 activity increased at doses of 50 
μM and above, and the decrease in survival was associated 
with caspase activation. In a study, it was observed that 
caspase-3, JNK and AMPK molecules were activated 
as a result of the application of curcumin at various 
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concentrations (20, 50 and 100 µM) to D-17 OSA cells, and 
the extrinsic apoptosis pathway mediated by caspase, JNK 
and cAMP/AMPK was induced [60]. The conducted studies 
reveal that curcumin exhibits an effective antitumoral 
potential by inducing the apoptotic pathways. 

As a result, we demonstrated that canine OSA D-17 cells 
treated with curcumin decreased cell proliferation in a 
dose and time dependent manner, inducing apoptosis 
by increasing Bax/Bcl-2 protein expression and caspase 
3/7 activation. Although various treatments are available, 
curcumin is predicted to be a candidate with a promising 
chemorherapeutic effect by inducing apoptosis for canine 
osteosarcoma with poor clinical results.

acknowledgeMents

The authors would like to thank the Scientific Research 
Projects Unit of Adnan Menderes University and the 
Department of Biochemistry, Faculty of Veterinary Medicine, 
Adnan Menderes University.

conflict of interest

The authors declare that there is no conflict of interests 
regarding the publication of this article.

author contributions

FK funded acquisition and conceptualizationed the study. 
GSEA and İB performed laboratory analysis and drafted 
manuscript. GSEA also analyzed data with specific software, 
wrote the manuscript. AB and PAU investigationed that 
literature and methodology, revised the manuscript. 

references

1. Makielski KM, Mills LJ, Sarver AL, Henson MS, Spector LG, Naik 
S, Modiano JF: Risk factors for development of canine and human 
osteosarcoma: A comparative review. Vet Sci, 6 (2): 48, 2019. DOI: 10.3390/
vetsci6020048

2. Ulutaş PA, Kıral F, Ulutaş B, Aşıcı GSE: Cytotoxic and apoptotic effect 
of nanoclinoptilolite on canine osteosarcoma cell lines.  J Vet Res, 64 (4): 
589-596, 2020. DOI: 10.2478/jvetres-2020-0063

3. Jun W, Peng C, Wen J, Mingzhi G: Experimental study on curcumin 
inhibiting proliferation and invasion of human osteosarcoma cells. 
Biomed Res, 28 (10): 4396-4401, 2017. 

4. Krajarng A, Nilwarankoon S, Suksamrarn S, Watanapokasin R: 
Antiproliferative effect of α-mangostin on canine osteosarcoma cells. Res 
Vet Sci, 93, 788-794, 2012. DOI: 10.1016/j.rvsc.2012.01.015

5. Wilson-Robles H, Franks K, Pool R, Miller T: Characterization of five 
newly derived canine osteosarcoma cell lines. BMC Vet Res, 15:357, 2019. 
DOI: 10.1186/s12917-019-2099-y

6. Anfinsen KP, Grotmol T, Bruland OS, Jonasdottir TJ: Breed-specific 
incidence rates of canine primary bone tumors-A population based 
survey of dogs in Norway. Can J Vet Res, 75, 209-215, 2011. 

7. Gebhard C, Miller I, Hummel K, Ondrovics MN, Schlosser S, Walter 
I: Comparative proteome analysis of monolayer and spheroid culture 
of canine osteosarcoma cells. J Proteomics, 177, 124-136, 2018. DOI: 
10.1016/j.jprot.2018.01.006

8. Simpson S, Dunning M, de Brot S, Alibhai A, Bailey C, Woodcock CL, 
Mestas M, Akhtar S, Jeyapalan JN, Lothion-Roy J, Emes RD, Allegrucci 

C, Rizvanov AA, Mongan NP, Rutland CS: Molecular characterisation of 
canine osteosarcoma in high risk breeds. Cancers, 12 (9): 2405, 2020. DOI: 
10.3390/cancers12092405

9. Selvarajah GT, Kirpensteijn J: Prognostic and predictive biomarkers 
of canine osteosarcoma. Vet J, 185 (1): 28-35, 2010. DOI: 10.1016/j.
tvjl.2010.04.010

10. Simpson S, Dunning MD, de Brot S, Grau-Roma L, Mongan NP, 
Rutland CS: Comparative review of human and canine osteosarcoma: 
Morphology, epidemiology, prognosis, treatment and genetics. Acta Vet 
Scand, 59 (1): 71, 2017. DOI: 10.1186/s13028-017-0341-9

11. Wolfesberger B, Tonar Z, Gerner W, Skalicky M, Heiduschka G, 
Egerbacher M, Thalhammer JG, Walter I: The tyrosine kinase inhibitor 
sorafenib decreases cell number and induces apoptosis in a canine 
osteosarcoma cell line. Res Vet Sci, 88 (1): 94-100, 2010. DOI: 10.1016/j.
rvsc.2009.06.009

12. Szewczyk M, Lechowski R, Zabielska K: What do we know about 
canine osteosarcoma treatment? - Review. Vet Res Commun, 39 (1): 61-67, 
2015 DOI: 10.1007/s11259-014-9623-0

13. Ghobrial IM, Witzig TE, Adjei AA: Targeting apoptosis pathways 
in cancer therapy. CA Cancer J Clin, 55, 178-194, 2005. DOI: 10.3322/
canjclin.55.3.178

14. Rubio C, Mendoza C, Trejo C, Custodio V, Rubio-Osornio M, 
Hernández L, González E, Paz C: Activation of the extrinsic and ıntrinsic 
apoptotic pathways in cerebellum of kindled rats. Cerebellum, 18, 750-
760, 2019. DOI: 10.1007/s12311-019-01030-8

15. Koff JL, Ramachandiran S, Bernal-Mizrachi L: A time to kill: 
Targeting apoptosis in cancer. Int J Mol Sci, 16, 2942-2955, 2015. DOI: 
10.3390/ijms16022942

16. Yang J, Li G, Zhang K: Pro-survival effects by NF-kB, Akt and ERK(1/2) 
and anti-apoptosis actions by Six1 disrupt apoptotic functions of TRAIL-
Dr4/5 pathway in ovarian cancer. Biomed Pharmocother, 84, 1078-1087, 
2016. DOI: 10.1016/j.biopha.2016.10.028

17. Mohamed MS, Abdelhamid AO, Almutairi FM, Ali AG, Bishr MK: 
Induction of apoptosis by pyrazolo[3,4-d]pyridazine derivative in lung 
cancer cells via disruption of Bcl-2/Bax expression balance. Bioorg Med 
Chem, 26 (3): 623-629, 2018. DOI: 10.1016/j.bmc.2017.12.026

18. Edlich F: BCL-2 proteins and apoptosis: Recent insights and unknowns. 
Biochem Biophys Res Commun, 500 (1): 26-34, 2018. DOI: 10.1016/ 
j.bbrc.2017.06.190

19. Jiang AJ, Jiang G, Li LT, Zheng JN: Curcumin induces apoptosis 
through mitochondrial pathway and caspases activation in human 
melanoma cells. Mol Biol Rep, 42, 267-275, 2015. DOI: 10.1007/s11033-
014-3769-2

20. Moran JM, Roncero-Martin R, Rodriguez-Velasco FJ, Calderon-
Garcia JF, Rey-Sanchez P, Vera V, Canal-Macias ML, Pedrera-Zamorano 
JD: Effects of curcumin on the proliferation and mineralization of human 
osteoblast-like cells: ımplications of nitric oxide. Int J Mol Sci, 13, 16104-
16118, 2012. DOI: 10.3390/ijms131216104

21. Hosseini-Zare MS, Sarhadi M, Zarei M, Thilagavathi R, Selvam 
C: Synergistic effects of curcumin and its analogs with other bioactive 
compounds: A comprehensive review. Eur J Med Chem, 210:113072, 2021. 
DOI: 10.1016/j.ejmech.2020.113072

22. Alp H, Aytekın I, Esen H, Basarılı K, Kul S: Effects of caffeic acid 
phenethyl ester, ellagic acid, sulforaphane and curcumin on diazinon 
induced damage to the lungs, liver and kidneys in an acute toxicity rat 
model. Kafkas Univ Vet Fak Derg, 17 (6): 927-933, 2011. DOI: 10.9775/
kvfd.2011.4722 

23. Shanmugam MK, Rane G, Kanchi MM, Arfuso F, Chinnathambi A, 
Zayed ME, Alharbi SA, Tan BKH, Kumar AP, Sethi G: The multifaceted 
role of curcumin in cancer prevention and treatment. Molecules, 20, 2728-
2769, 2015. DOI: 10.3390/molecules20022728

24. Agrawal S, Goel RK: Curcumin and its protective and therapeutic 
uses. Natl J Physol Pharm Pharmacol, 6 (1): 1-8, 2016. DOI: 10.5455/
njppp.2016.6.3005201596

25. Thornthwaite JT, Shah HR, England SR, Roland LH, Thibado SP, 
Ballard TK, Goodman BT: Anticancer effects of curcumin, artemisinin, 



Research Article

473

EKREN AŞICI, KIRAL
BAYAR, BİLDİK, ULUTAŞ

genistein, and resveratrol, and vitamin C: Free versus liposomal forms. 
Adv Biol Chem, 7, 27-41, 2017. DOI: 10.4236/abc.2017.71002

26. Lv ZD, Liu XP, Zhao WJ, Dong Q, Li FN, Wang HB, Kong B: Curcumin 
induces apoptosis in breast cancer cells and inhibits tumor growth in vitro 
and in vivo. Int J Clin Exp Pathol, 7 (6): 2818-2824, 2014.

27. Bakhshi J, Weinstein L, Poksay KS, Nishinaga B, Bredesen DE, Rao 
RV: Coupling endoplasmic reticulum stress to the cell death program in 
mouse melanoma cells: Effect of curcumin. Apoptosis, 13 (7): 904-914, 
2008. DOI: 10.1007/s10495-008-0221-x

28. Huang AC, Lin SY, Su CC, Lin SS, Ho CC, Hsia TC, Chiu TH, Yu CS, 
Ip SW, Lin TP, Chung JG: Effects of curcumin on N-bis(2-hydroxypropyl) 
nitrosamine (DHPN)-induced lung and liver tumorigenesis in BALB/c 
mice in vivo. In Vivo, 22 (6): 781-785, 2008.

29. Cheng CY, Lin YH, Su CC: Curcumin inhibits the proliferation of 
human hepatocellular carcinoma J5 cells by inducing endoplasmic 
reticulum stress and mitochondrial dysfunction. Int J Mol Med, 26, 673-
678, 2010. DOI: 10.3892/ijmm_00000513

30. Ong SM, Yamamoto H, Saeki K, Tanaka Y, Yoshitake R, Nishimura 
R, Nakagawa T: Anti-neoplastic effects of topoisomerase inhibitors in 
canine mammary carcinoma, melanoma, and osteosarcoma cell lines. Jpn 
J Vet Res, 65 (1): 17-28, 2017. DOI: 10.14943/jjvr.65.1.17

31. Varshney J, Scott MC, Largaespada DA, Subramanian S: Under-
standing the osteosarcoma pathobiology: A comparative oncology 
approach. Vet Sci, 3 (1): 3, 2016. DOI: 10.3390/vetsci3010003

32. Brannon-Peppas L, Blanchette JO: Nanoparticle and targeted 
systems for cancer therapy. Adv Drug Deliv Rev, 56 (11): 1649-1659, 2004. 
DOI: 10.1016/j.addr.2004.02.014

33. Yu J, Zhou X, He X, Dai M, Zhang Q: Curcumin ınduces apoptosis 
involving bax/bcl-2 in human hepatoma SMMC-7721 cells. Asian Pac J 
Cancer Prev, 12, 1925-1929, 2011. 

34. HemaIswarya S, Doble M: Potential synergism of natural products 
in the treatment of cancer. Phytother Res, 20 (4): 239-249, 2006. DOI: 
10.1002/ptr.1841

35. Prasad S, Tyagi AK, Aggarwal BB: Recent developments in delivery, 
bioavailability, absorption and metabolism of curcumin: The golden 
pigment from golden spice. Cancer Res Treat, 46, 2-18, 2014. DOI: 10.4143/
crt.2014.46.1.2

36. Guo Y, Shu L, Zhang C, Su ZY, Kong AN: Curcumin inhibits 
anchorage-independent growth of HT29 human colon cancer cells by 
targeting epigenetic restoration of the tumor suppressor gene DLEC1. 
Biochem Pharmacol, 94, 69-78, 2015. DOI: 10.1016/j.bcp.2015.01.009

37. Anand P, Sundaram C, Jhurani S, Kunnumakkara AB, Aggarwal 
BB: Curcumin and cancer: An “old-age” disease with an “age-old” solution. 
Cancer Lett, 267 (1): 133-164, 2008. DOI: 10.1016/j.canlet.2008.03.025

38. Liu HT, Ho YS: Anticancer effect of curcumin on breast cancer and 
stem cells. Food Sci Hum Wellness, 7 (2): 134-137, 2018. DOI: 10.1016/j.
fshw.2018.06.001

39. Avcı H, Sekkin S, Boyacıoğlu M, Akşit H, Tunca R, Epikmen ET, 
Birincioğlu SS: Protective and antigenotoxic effects of silymarin and 
curcumin in experimental cyclophosphamide ıntoxication in rats. Kafkas 
Univ Vet Fak Derg, 22 (5): 693-701, 2016. DOI: 10.9775/kvfd.2016.15145

40. Wang G, Song W, Shen N, Yu H, Deng M, Tang Z, Fu X, Chen X: 
Curcumin-encapsulated polymeric nanoparticles for metastatic osteo-
sarcoma cells treatment. Sci China Mater, 60 (10): 995-1007, 2017. DOI: 
10.1007/s40843-017-9107-x

41. Lee DS, Lee MK, Kim JH: Curcumin induces cell cycle arrest and 
apoptosis in human osteosarcoma (HOS) cells. Anticancer Res, 29 (12): 
5039-5044, 2009.

42. Chang R, Sun L, Webster TJ: Short communication: Selective 
cytotoxicity of curcumin on osteosarcoma cells compared to healthy 
osteo-blasts. Int J Nanomedicine, 9 (1): 461-465, 2014. DOI: 10.2147/IJN.
S55505

43. Jin S, Xu HG, Shen JN, Chen XW, Wang H, Zhou JG: Apoptotic 

effects of curcumin on human osteosarcoma U2OS cells. Orthop Surg, 1 
(2): 144-152, 2009. DOI: 10.1111/j.1757-7861.2009.00019.x

44. Fossey SL, Bear MD, Lin J, Li C, Schwartz EB, Li PK, Fuchs JR, 
Fenger J, Kisseberth WC, London CA: The novel curcumin analog 
FLLL32 decreases STAT3 DNA binding activity and expression, and 
induces apoptosis in osteosarcoma cell lines. BMC Cancer, 11:112, 2011. 
DOI: 10.1186/1471-2407-11-112

45. Yu D, An F, He X, Cao X: Curcumin inhibits the proliferation and 
invasion of human osteosarcoma cell line MG-63 by regulating miR-138. 
Int J Clin Exp Pathol, 8 (11): 14946-14952, 2015.

46. Withers SS, York D, Johnson E, Al-Nadaf S, Skorupski KA, Jr COR, 
Burton JH, Guerrero T, Sein K, Wittenburg L, Rebhun RB: In vitro and in 
vivo activity of liposome-encapsulated curcumin for naturally occurring 
canine cancers. Vet Comp Oncol, 16 (4): 571-579, 2018. DOI: 10.1111/
vco.12424

47. Israels LG, Israels ED: Apoptosis. Oncologist, 4, 332-339, 1999.

48. Tomatır AG: Apoptoz: Programlı hücre ölümü. T Klin J Med Sci, 23, 
499-508, 2003.

49. Chowdhury I, Tharakan B, Bhat GK: Caspases an update. Comp 
Biochem Physiol B Biochem Mol Biol, 151 (1): 10-27, 2008. DOI: 10.1016/j.
cbpb.2008.05.010

50. Perlman H, Zhang X, Chen MW, Walsh K, Buttyan R: An elevated 
bax/bcl-2 ratio corresponds with the onset of prostate epithelial cell 
apoptosis. Cell Death Differ, 6 (1): 48-54, 1999. DOI: 10.1038/sj.cdd.4400453

51. Pettersson F, Dalgleish AG, Bissonnette RP, Colston KW: Retinoids 
cause apoptosis in pancreatic cancer cells via activation of RAR-gamma 
and altered expression of Bcl-2/Bax. Br J Cancer, 87 (5): 555-561, 2002. DOI: 
10.1038/sj.bjc.6600496

52. Shankar S, Srivastava RK:  Involvement of Bcl-2 family members, 
phosphatidylinositol 3’-kinase/AKT and mitochondrial p53 in curcumin 
(diferuloylmethane)-induced apoptosis in prostate cancer. Int J Oncol, 30, 
905-918, 2007. DOI: 10.3892/ijo.30.4.905

53. Mukherjee NCS, Ghosh U, Bhattacharyya NP, Bhattacharya RK, 
Dey S, Roy M: Curcumin-induced apoptosis in human leukemia cell HL-
60 is associated with inhibition of telomerase activity. Mol Cell Biochem, 
297, 31-39, 2007. DOI: 10.1007/s11010-006-9319-z

54. Anto RJ, Mukhopadhyay A, Denning K, Aggarwal BB: Curcumin 
(diferuloylmethane) induces apoptosis through activation of caspase-8, 
BID cleavage and cytochrome c release: Its suppression by ectopic 
expression of Bcl-2 and Bcl-xl. Carcinogenesis, 23, 143-150, 2002. DOI: 
10.1093/carcin/23.1.143

55. Gnesutta N, Minden A: Death receptor-induced activation of initiator 
caspase 8 is antagonized by serine/threonine kinase PAK4. Mol Cell Biol, 
23 (21): 7838-7848, 2003. DOI: 10.1128/mcb.23.21.7838-7848.2003

56. Subramaniam D, Ponnurangam S, Ramamoorthy P, Standing D, 
Battafarano RJ, Anant S, Sharma P: Curcumin induces cell death in 
esophageal cancer cells through modulating notch signaling. PLoS One, 7 
(2): e30590, 2012. DOI: 10.1371/journal.pone.0030590

57. Milacic V, Banerjee S, Landis-Piwowar KR, Sarkar FH, Majumdar 
APN, Dou QP: Curcumin inhibits the proteasome activity in human colon 
cancer cells in vitro and in vivo. Cancer Res, 68 (18): 7283-7292, 2008. DOI: 
10.1158/0008-5472.CAN-07-6246

58. Levine CB, Bayle J, Biourge V, Wakshlag JJ: Cellular effects of a 
turmeric root and rosemary leaf extract on canine neoplastic cell lines. 
BMC Vet Res, 13:388, 2017. DOI: 10.1186/s12917-017-1302-2

59. McNally SJ, Harrıson EM, Ross JA, Garden OJ, Wıgmore SJ: 
Curcumin induces heme oxygenase 1 through generation of reactive 
oxygen species, p38 activation and phosphatase inhibition. Int J Mol Med, 
19 (1): 165-172, 2007. DOI: 10.3892/ijmm.19.1.165

60. Soares NP, Nepomuceno LL, Cruz VS, Arnhold E, Vieira V, Borges 
JC, Pareira DKS, Pareira KF, Araújo EG: Curcumin promotes extrinsic 
apoptosis in canine osteosarcoma cells. RSD, 9 (10): e7289109231, 2020. 
DOI: 10.33448/rsd-v9i10.9231 


