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ABSTRACT
Prostate cancer is a common type of cancer. Contemporary treatment modalities require that new, effective
methods or chemicals should be developed. Tolfenamic acid (TA) is a nonsteroidal anti-inflammatory
medicine stimulating apoptosis in cancer cells like pancreas, oesophagus and lungs. This study aims to
determine the role of TA in cell viability and apoptosis in glioma cells (T-98G) and androgen-sensitive
human prostate cancer cell line (LNCaP). In our study, 1, 5, 10, 25, 50, and 100 μM doses of TA were
applied to T-98G and LNCaP cell lines for periods of 24 and 48 h. Subsequent cell vitality was tested with
MTT Atest. The effective doses were analysed by flow cytometry and real-time PCR techniques. MTT
spectrophotometric tests showed no significant effects on the survival rate of T-98G cells in 24 and 48
h. Therefore, T-98G cells were not analysed by flow cytometry and RT-PCR. When LNCaP cells were
exposed to 1, 5, 10, 25, 50 and 100 μM doses of TA for 24 h, the rates of living cells were determined
as 91%, 83%, 82%, 76%, 61% and 49%, respectively. When the same doses were applied for 48 h, the
living cell rates were 90%, 83%, 82%, 78%, 52%, and 47%, respectively. Following applications of 25,
50 and 100 μM TA to LNCaP cells for 24 h, the apoptotic values (0.60% for the control group) were found
2%, 4%, and 17%, whereas the values for 48 h were 10%, 10% and 64% (0.48% for the control group),
respectively. TA induced apoptosis of LNCaP cells depending on the dose and duration of exposure.
According to PCR results, caspase-9 activity increased incrementally in groups given 50 μM of TA.
The increase in the apoptosis of LNCaP cells may be due to the rising amount of TA concentration.
In our study, in 25, 50, and 100 μM TA groups, cyclooxygenase-2 (COX-2) decreased incrementally
compared to the control group. Considering overstimulation of COX-2 paths in emergence of cancer or
in metastasis, this study shows TA has an antiproliferative and stimulating effects on apoptosis of LNCaP
cells based on the dose and duration of exposure.

INTRODUCTION

P

rostate cancer can be defined as the malign growth of
the organ volume as a result of the imbalance between
cell proliferation and cell death in the prostate gland.
While prostate cancer is usually restricted to the elderly,
it may also be reported in those below 40, though rarely.
Moreover, it accounts for 32% of all cancers. As for its
incidence, the risk increases in line with age, particularly
after 40 (Tanagho and Mcanich, 2004). This disease is
also the cancer type with the highest prevalence for males
across the USA. While it is the 7th most common cause of
death in Japanese males, it constitutes 9% of all male deaths
in Europe (Kaygusuz et al., 2007). Studies report that
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prostate cancer is triggered by testosterone, suprarenal
gland derived or exogenous androgens (Vis and Schroder,
2009). Androgen-dependent cancers tend to diminish in
the absence of androgens while androgen-independent
tumours continue to grow despite surgical operations and
medical castration (Oh, 2000). Therefore, initial medical
intervention involves androgen-inhibiting cures, but these
suppressants are withheld in progressive prostate cancer.
Instead, secondary hormonal therapies and cytotoxic
chemotherapies are commenced (Calabro and Sternberg,
2007). However, stimulation of apoptotic pathways in
prostate cancer is recommended as a curative method
for advanced cases (Tang and Porter, 1997; Cho et al.,
2004). Recent studies have suggested that TA, a member
of small non-steriodal antinflammatory drugs (NSAIDs),
may exhibit anti-cancer activities in some cancer models
by suppressing metastasis and inhibiting cell growth
(Abdelrahim et al., 2006a, 2007; Lee et al., 2008; Choi
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et al., 2011). TA has been reported to stimulate apoptosis
in pancreatic cancer models and growth of tumour just as
it does in colorectal cancer cells, an indicative of its anticancer properties (Abdelrahim et al., 2006b, 2007; Lee et
al., 2008). Furthermore, TA has been reported to inhibit
cell growth in lung, breast and ovarian cancers (Basha et
al., 2011a, b; Papineni et al., 2009).
The purpose of this study is to determine the effects
of TA upon cell viability and apoptosis on androgensensitive human prostate cancer cell line (LNCaP), as well
as shedding light upon the processes regarding the anticancer activities of TA and its relevant mechanisms. In our
study, we used human glioma (T98G) results by making a
comparison with those of other cancer studies in order to
determine efficacy of TA.

cm2 at 24th and 48th h. At the end of the experiment, the
cells harvested with 0,25% of trypsin were placed in tubes
and then rotated for 5 min at 1200 RPM at 4°C. Following
this process, the fluid part on the top was thrown into
the tubes in a way that each tube would include 2 mL.
Once the number of cells had been determined following
the coating with trypan blue, the necessary processes
were performed in line with the protocol of Annexin V
Apoptosis Assay (Invitrogen). The results were evaluated
using a FACSCalibur flow cytometer in the haematology
laboratory in Faculty of Medicine at Eskişehir Osmangazi
University. The results demonstrated that neither PI nor
FITC coating was observed in living cells [FITC(-)/ PI(-)].
While [(FITC(+)/ PI (-)] occurs in early apoptotic cells, it
disappears in late apoptotic cells [FITC(+)/ PI (+)].

MATERIALS AND METHODS

Real Time-PCR (RT-PCR) technique
In order to determine the effects of TA upon the
caspase-9 and COX-2 gene expressions of LNCaP cells,
inoculation was achieved in the flasks of 25 cm2 in such
a way that each would include 1x106 cells for 24 h. As a
result, RNA was isolated from the LNCaP cells harvested
from the flasks. These RNA concentrations were measured
using NanoDrop 1000 (Thermo Scientific, Waltham, MA,
ABD). RNA was diluted down to 1000 µg/mL. cDNA
was synthesized in each of the RNA samples using a
thermal cycle machine and a Reverse Transcriptase
cDNA Synthesis Kit (Roche Nano Lightcycler; Roche
Diagnostics) according to the instructions issued by its
producer. Amplification was determined using Dual Label
TaqMan probes. Caspase 9, COX-2 (target genes) and
β-actin (reference gene) mRNA levels were measured
using Nano Lightcycler (Roche Germany) with the help of
Dual Label (TaqMan probe).

In this study, doses of 1, 5, 10, 25, 50 and 100
µM were assessed at the 24th and 48th h using MTT and
then effective concentrations were subjected to the flow
cytometry assay and qRT-PCR techniques in order to
evaluate the effects of TA upon T-98G and LNCaP cells.
The experiment was divided into two different groups:
24th h and 48th h. These also include control group, DMSO
group (complete medium with a final concentration of
0,1 % DMSO, solvent) and 1, 5, 10, 25, 50 and 100 µM
doses of TA. The experiments were repeated three times
for each group and consisted of 24 samples. The cells were
placed in an incubator with 100% of humidity and 5% of
CO2 of 5% at 37°C after they had been inoculated in the
flasks with a medium. Proliferation of cells was observed
through a reverse light microscope (Olympus).
Determination of cell vitality through the MTT method
The cells were harvested from the bottom of the
flasks through a 0.25% of trypsin-EDTA after they had
been stained with trypan blue. The number of living cells
occurring in 1mL was determined with a cell counter.
Afterwards, an inoculation process was achieved in such
a way that each of the 96 wells would include 1x104
cells. T98G and LNCaP cells were added at 24th and 48th
h separately in doses of 1, 5, 10, 25, 50 and 100 μM and
then the toxicity upon the cells was determined with the
MTT (Sigma) spectrophotometric method defined by
Mossmann (1983).
Measurement of apoptosis with the flow cytometric assay
Once the cell counting had been completed, the effects
of TA on the apoptosis of LNCaP cells were investigated
by inoculating 1x106 LNCaP in each of the flasks of 25

Fig. 1. The effects of TA application in doses of 1, 5, 10,
25, 50 and 100 μM at 24th and 48th h upon LNCaP cell
survival. Compared to control group, the results are: **, p
< 0.01; ***, p < 0.001.
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Statistical analysis
IBM SPSS 21 was used for statistical evaluation. The
groups were first analysed based on whether they showed a
normal distribution using the Shapiro-Wilk Normality Test.
Those exhibiting normal distribution were then subjected
to the one-way ANOVA test before the differences
observed between the groups could be evaluated via the
Tukey test. As for the data showing abnormal distribution,
they were evaluated via the Kruskal-Wallis test and these
evaluations were subjected to the Dunn test. Those with
the P-value smaller than 0.05 were considered to be of
statistical significance. The results were expressed in x ±
SE terms.

RESULTS
According to the data obtained by the MTT method,
the amount of DMSO used as dissolvent caused no
changes in the cell survival rate. Also, no effects of TA in
doses of 1, 5, 10, 25, 50 and 100 μM could be determined
upon T-98G cells. For this reason, there was no need for
analysing T-98G cells with either the flow cytometer assay
or RT-PCR. The cell survival rates were calculated as
91%, 83%, 76%, 61% and 49%, respectively following the
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application of TA to LNCaP cells in abovementioned doses
for 24 h. At 48th h, the cell survival rates observed for TA
doses were 90%, 83%, 82%, 78% and 52%, respectively
(Table I). Our flow cytometer data revealed that the highest
early apoptosis rate was observed in 100 µM of TA at 24th
h (17.36%) in comparison with that of the control group
(Table I). This rate increased up to 10.18% for 25 µM dose
of TA and to 64.38% for 100 µM at 48th h for in comparison
with that of the control group (0.48%) (Table II). Early
apoptosis levels observed in cancerous LNCaP cells at
48th h were higher than those observed at 24th h (Figs. 2,
3). The conclusion was that TA stimulates apoptosis in
LNCaP cells depending on doses and application time of
TA. According to PCR results, no statistically significant
difference could be found between the study groups as far
as the caspase-9 level is concerned. On the other hand,
caspase-9 activities in the group of 50 μM of TA were
understood to have increased multi-fold while those in the
group of 100 μM of TA decreased multi-fold (Table III).
No statistical significance was determined between COX2 level groups; even so, in the groups given 50 and 100
μM of TA, there was multi-fold increase compared COX-2
with control group (Table III).

Table I.- Comparison of apoptosis results obtained with the flow cytometer in LNCaP cells in doses of 25, 50 and 100
μM of TA for 24 h. The experiments have been repeated three times.
LNCaP cell (%)

Control

25 µM TA

50 µM TA

100 µM TA

p

Live

93.44±2.91

68.77±15.09

65.89±18.55

54.92±19.13

0.076

Early apoptosis

0.60±0.17

1.79±0.27

3.59±2.06

17.36±8.03

0.004

Late apopotosis or necrosis

5.41±2.47

21.67±40.94

30.15±14.55

26.39±14.46

0.102

Table II.- Comparison of apoptosis results of LNCaP cells in doses of 25, 50 and 100 μM of TA for 48 h. The
experiments have been repeated three times.
LNCaP cell (%)

Control

25 µM TA

50 µM TA

100 µM TA

p

Live

90.2±1.62

58.27±10.61

59.76±12.7

24.09±31.35

0.013

Early apoptosis

0.48±0.36

10.56±2.19

10.18±0.2

64.38±38.73

0.014

Late apoptosis or necrosis

7.98±1.24

14.02±1.74

13.28±1.16

10.29±6.57

0.207

Table III.- Comparison of caspase-9 and COX-2 gene expression results with those of Control Group in LNCaP cells
subjected to TA application.
Mean relative fold increase

Control

25 μM TA

50 μM TA

100 μM TA

p

Caspase-9

1.3±1.1

1.5±1.4

2.8±1.3

0.4±0.5

0.16

COX-2

1.2±1.2

1.0±1.0

0.35±0.14

0.10±0.08

0.33
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Fig. 2. Determination of cell percentage of early apoptosis
in cancerous LNCaP cells following TA application (A,
Control; B, 25 μM; C, 50 μM; D, 100 μM) for 24 h with
LNCaP with the flow cytometric method. Live cells FITC
(-) / PI (-), early apoptotic cells (FITC (+) / PI (-), necrotic
or late apoptotic cells FITC (+) / PI (+).

Fig. 3. Determination of cell percentage of early apoptosis
in cancerous LNCaP cells following TA application (A,
Control; B, 25 μM; C, 50 μM; D, 100 μM) for 48 h with
LNCaP. Live cells FITC (-) / PI(-), early apoptotic cells
(FITC (+) / PI (-), necrotic or late apoptotic cells FITC (+)
/ PI (+).

There is an increasing number of in vivo and in vitro
scientific studies on the relationship between cancer and
TA. In the present study, we used two human cancer
cell lines (LnCaP and T98G) to determine the cytotoxic
and apoptotic effects of TA. TA showed no significant
inhibitory effects on cell survival of T98G cells, whereas
our results showed a remarkable decrease in cell survival
rates in LnCap cells. Various studies have shown that TA
supresses cell proliferation, tumour growth and metastasis
in pancreas cancer (Abdelrahim et al., 2006a, b, 2007),
oesophagus cancer (Papineni et al., 2009), lung cancer
(Colon et al., 2011) and ovarian cancer (Basha et al., 2011b).
In a study by Sung et al. (2012) which used squamous
cancer cell lines occurring in the head and neck areas, the
cytotoxic effects of TA were bigger compared to other
NSAIDs and TA was a more powerful stimulant for
apoptosis. It is interesting to note that while TA showed
low toxicity in normal keratinocyte cells as much as 100
μM, it only increased mortality rate when applied in high
doses. Colon et al. (2011) showed in one of their studies
on lung cancer in in-vivo rat modals that TA in doses
of 25 and 50 mg/kg inhibited cell proliferation and cell
survival in A549 and CRL5803 cancerous cells. When
compared with other NSAIDs, TA causes a low, welltolerated gastric effect and a high therapeutic index. Also,
its antipyretic and analgesic effects have been shown not
only in several animal experimental models but also in
long-term treatments of migraine, rheumatoid arthritis,
and osteoarthritis.
Early apoptosis measurements done in investigating
the cell-death mechanism of TA in LNCaP cells have
revealed that apoptosis shows variation based on the
dose and duration of TA application. Early apoptosis
measurements were the highest in the group of 100 µM
TA concentration at 24th h following TA application
(17.36%) and at 48th h (64.38%) when compared to those
of control group (Tables I, II). Studies have suggested
that TA stimulates apoptosis in colorectal cancer cells in
addition to the models investigating metastasis and tumour
growth in pancreatic cancer (Abdelrahim et al., 2006a,
b; Lee et al., 2008). However, there is lack of sufficient
knowledge in the literature about what effects TA actually
has, including its molecular effects, the apoptosis of
prostate cancer cells (Choi et al., 2011). In a study by
Sung et al. (2012) TA significantly stimulated the loss of
mitochondrial membrane potential, thus interfering with
mitochondrial membrane damage in TA-related apoptosis.
While the exact mechanism of apoptosis still remains
unclear, the most important phenomenon as regards
apoptosis is considered to be activation of caspases
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(Choen, 1997; Lee et al., 2000). In several cases, caspase
activation has been considered inescapable for cell
apoptosis (Salvesen, 2002). As many as 400 caspase
substrates have been identified for DNA metabolism and
repair work, cell proliferation, and regulation of the cell
life cycle (Fischer et al., 2003), as well as the proteins
involved in apoptosis, and this number increases as new
tumour-inhibiting proteins are added to the list (Lin et al.,
2010; Shen et al., 2010). Caspase 2, 8, 9, and 10 trigger
apoptosis (Ozawa et al., 2002; Wang, 2000). Our findings
indicate that caspase-9 activity increased multi-fold in the
group where 50 μM of TA concentration was applied, but
this increase was of no statistical significance (Table III).
On the other hand, our findings also showed that, though
statistically insignificant, COX-2 decreased multi-fold
in 50 and 100 μM TA groups when compared to control
group (Table III). COX-2, a highly crucial medium for
inflammation, is suspected to play a role in the development
of prostate cancer (Bakhle, 2001). Clinical results in the
literature have led us to speculate that upregulation of
COX-2 must be one of the basic steps to the development
of cancer (Prescott and Fitzpatrick, 2000). COX paths are
key regulators of cell growth and angiogenesis, and studies
are still being carried out due to the likelihood of COXinhibiting drugs being used as potential anti-cancer drugs
(Hyde and Missailidis, 2009; Ölgen et al., 2002).
NSAIDs also decrease the risk for some cancers to
develop as well as for metastasis (Coogan et al., 2000;
Leitzmann et al., 2002). In addition to anti-proliferative
properties, NSAIDs also have COX-inhibiting properties
and increases the number of apoptotic paths and
antiangiogenic activities (Tarnawski and Jones, 2003;
Lincova et al., 2009). Nelson and Harris (2000) showed that
a regular daily intake of ibuprofen or aspirin decreases the
risk for prostate cancer by 66%, which could be attributed
to COX-2 restriction, an isomorph of COX enzyme that
is suspected to contribute to the development of prostate
cancer because it converts arachidonic acid into proinflammatory prostaglandins (Gupta et al., 2000; Nelson
and Harris, 2000). The number of the investigations into
whether inhibition of COX decreases the risk for cancer
development and prevents growth of cancerous cells has
greatly increased in recent years (Ding et al., 2003).

CONCLUSION AND SUGGESTIONS
Our study is the first of its kind in that TA has been
shown to inhibit cancerous LNCaP cells considering
the fact that COX-2 paths are excessively stimulated in
development or spreading of cancer. It also shows that TA
stimulates early apoptosis depending on the dose and time
of application via the MTT spectrophotometric method.
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We, therefore, suggest that TA and relevant compounds
should be investigated as potential drugs for prostate and
some other cancers for clinical use.
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