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Abstract 

 
Celecoxib is a non-steroidal anti-inflammatory drug (NSAID) developed as a selective inhibitor of 
cyclooxygenase-2 (COX-2) for the treatment of rheumatoid arthritis disease. Recently some other 
mechanisms have been identified for anti cancer activity of these agents including induction of apoptosis, 
inhibition of tumor vascularization, stimulation of antitumor immune responses and inhibition of cellular 
protein synthesis. The cytotoxic effects of four synthesisized analogues of celecoxib (coded as D, E, F and 
G) were evaluated against Hela , MDA-MB-231, A-2780-s and HT-29 cancer cells, using MTT assay; Also 
their induction of apoptosis using DNA fragmentation analysis were studied. MTT assay showed that cell 
survival percent of  COX-2 positive cell lines (HT-29, MDA-MB-231 and Hela; p≤0.05) were decreased 
significantly after exposure to the tested COX-2 inhibitors while little effect was observed on the COX-2 
negative cell line (A-2780-s). Results also showed that A-2780-s and Hela were the most resistant and the 
most sensitive cell lines to these compounds, respectively. Moreover, in DNA fragmentation assay, induction 
of apoptosis was confirmed by electrophoretic pattern of separated DNA fragments in Hela cell line. 
Compounds E and G in comparison with D and F exerted more cytotoxic effect on COX-2 positive cell lines 
(Hela, HT-29 and MDA-MB-231). This could be due to the hydrophobic substituent (Cl, CH3) located at the 
para position of phenyl ring leading to more lipophilicity and cell uptake. In addition, these COX-2 
inhibitors induced apoptosis on Hela cell-line, which could be considered as one of the cytotoxic 
mechanisms of these compounds as potential anti cancer agents. 
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INTRODUCTION 

 
Cyclooxygenase (COX), as a rate limiting 

enzyme in the synthesis of prostaglandins has 
two isoforms named (COX-1 and COX-2) (1). 
Among them, COX-1 is involved in platelet 
activation, gastrointestinal protection and 
kidney function and COX-2 is mainly produced 
in response to tissue damages and pro-
inflammatory signals (2,3). Traditional non-
steroidal anti-inflammatory drugs (NSAIDs) 
which inhibit both isoforms of COXs, lead to 
considerable gastrointestinal side effects (4). 
In contrast, celecoxib (Celebrex) and rofecoxib 
(Vioxx) as selective COX-2 inhibitors are 
devoid of gastric toxic reactions mediated 
primarily by inhibition of COX-1, and retain 
high anti inflammatory activity (5). 

Interestingly, recent reports by Kismet and 
coworkers  (6) showed that celecoxib could 
also act as a potent chemo-preventive agent 
used in various types of cancer and could 
improve tumor response to radiotherapy via 
different mechanisms including those that 
make tumor cells more sensitive to radiation 
(7). At first it was thought that the 
antineoplastic effects of NSAIDs were due to 
the inhibition of COXs and production of 
related prostaglandins (8-9), while some other 
evidences indicated that these drugs also act 
by COX-independent effects (8). Selective 
cyclooxygenase-2 inhibitors showed a 
differential ability to inhibit proliferation and 
induce cell apoptosis (10). The cytotoxic 
effects and the underlying mechanism of the 
coxib agents have not been yet fully 
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understood and further studies in this regards 
are warranted. Therefore, the present study 
was conducted in order to study the cytotoxic 
effect and apoptosis induction of new 
analogues of celecoxib against colon, breast, 
cervical and ovarian cancer cells. 

 
MATERIALS AND METHODS 

 
Test compounds 

Analogues of celecoxib (Fig. 1) were 
designed and synthesized at the School of 
Pharmacy, Shaheed Beheshti University of 
Medical Sciences, Tehran, Iran (11). The 
compounds were dissolved in dimethyl-sulfoxide 
(DMSO, Merck, Germany) and freshly diluted in 
culture medium before the start of experiments. 
The final DMSO concentration never exceeded 
1% and this condition was used as negative 
control in each experiment. 
 
Cell culture 

Cells were obtained from Pasteur Institute 
(Tehran, Iran). HT-29, Hela and A-2780-s were 
grown in RPMI 1640 medium and MDA-MB-
231 cells maintained in high glucose Roswell 
Park Memorial Institute medium (RPMI) (Gibco, 
Scotland) supplemented with 10% Fetal Bovine 
Serum (FBS, Gibco, Scotland). 
 
Cell viability assay 

The thiazolyl blue (MTT, Merck, Germany) 
assay has been used in many experiments for 
assessment of cell viability, and this reaction is 
used as the end point in a rapid drug-screening 
assay (12). Briefly, cells were seeded at 
density of 1 × 105 cells/mL in 96-well tissue 
culture plates and were resuspended in 10 mL 
complete culture medium and allowed to 
attach for 24 h. After this period, cells were 
incubated with increasing concentrations of 
compounds (0.001, 0.01, 0.1, 1 mM) for 48 h 
separately. MTT solution (20 µL) was then 
added to each well and plate was incubated for 

3 h at 37 °C. During this period, living cells 
produced blue insoluble formazan from the 
yellow soluble MTT. The reaction was 
stopped by addition of DMSO (150 µL/wells) 
and the contents of the wells were dissolved 
during 2–3 min. MTT formazan product was 
detected by measuring absorbance with an 
ELISA plate reader (Awareness, USA) at 540 
nm (13). All tests were performed intriplicate 
and in three different days. The absorbance of 
the formazan treated wells in the visible region 
correlates with the number of viable cells as 
follows: 

Viable cells (%) = [(T-B)/ (C-B)] ×100 

where, C is the absorbance of control, T is the 
absorbance of  treated samples, and B is the 
absorbance of the blank.  
 
Apoptosis assay  

Using Apoptotic DNA Ladder Kit (Roche 
Diagnostics GmbH, Mannheim, Germany), 
Hela cells (2×106 cells/well) were seeded in 
two 6 well plates and allowed to adhere for 
24 h and then treated with 400 µL of 
compound D and E (0.001 mM). Plates were 
then incubated for 48 h at 37 °C in humidified 
atmosphere of 95% air and 5% CO2. After 
trypsinization, cells were washed with 200 µL 
of PBS. Apoptotic cells were incubated with 
200 µL of lysis/binding buffer in 15-25 °C for 
10 min. After incubation, the lysed sample was 
mixed with 100 µL isopropanol and pipetted 
into a filter tube containing glass fleece. DNA 
which was bound to the filter tube was isolated 
from the lysate through centrifugation of the 
sample (1 min; 8000 rpm; twice) which was 
followed by a final high speed spin (13000 
rpm; 1 min; then 10 sec in RT). The flow-
through liquid containing unbound lysate 
components was then discarded. After washing 
the bound DNA, the filter was inserted        

 
Fig. 1. Molecular structure of celecoxib derivatives used in this study. *X: mg of compounds required for preparation of 
stock solution having 10 mM concentrations (see materials and methods). 

D R MW X* 

D H 374.4 3.7 
E CH3 388.5 3.9 
F OCH3 404.5 4 
G Cl 408.9 4.1 
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into 1.5 ml-centrifuge tube, 200 µL warmed 
(70 °C) elution buffer was then added and the 
eluted DNA was collected by centrifugation (1 
min; 8000 rpm; RT). 20 µL of DNA eluted 
sample was mixed with 4 µL of loading buffer, 
electrophoresed (Akhtarian, Iran) on 0.8% 
agarose gels at 90 V for 1.5 h and visualized 
using a UV transilluminator and then 
photographed (14). 
 
Statistical analysis 

One-way analysis of variance (ANOVA) and 
Scheffe post hoc were used for data analysis. All 
results were expressed as mean ± SD and P 
< 0.05 was considered as statistically significant. 

 

 
RESULTS 

 
Cell viability assay 

Four malignant cell lines were incubated 
with different concentrations of compounds 
(0.0001, 0.001, 0.01, and 0.1 mM) in wells 
against doxorubicin (0.1 mM) as positive 
control for 48 h, and their cytotoxicities were 
evaluated using MTT assay protocol. Viable 
cells were determined by trypan blue exclusion 
assay and percentage of survival was 
calculated assuming viable untreated cells to 
100 %. The values represent the mean of three 
independent experiments each performed in 
triplicate (error bars; SD).  

 
Fig. 2. Effects of various tested compounds on the proliferation of COX-2 positive (Hela) cell line. Cells were exposed 
for 72 h to different concentrations (0.001, 0.01, 0.1, 1 mM) of compounds as indicated. Untreated cells incubated in the 
presence of vehicle (1% DMSO) and were used as negative control. Doxorubicin (0.1 mM) was used as positive 
control. For statistical significance one-way ANOVA was used to analyze the differences between each sample and 
negative control (*P<0.05, **P<0.01). 

 

 
Fig. 3. Effects of various tested compounds on the proliferation of COX-2 positive (HT-29) cell line. Cells were 
exposed for 72 h to different concentrations (0.001, 0.01, 0.1, 1 mM) of compounds as indicated. Untreated cells 
incubated in the presence of vehicle (1% DMSO) and were used as negative control. Doxorubicin (0.1 mM) was used as 
positive control. For statistical significance one-way ANOVA was used to analyze the differences between each sample 
and negative control (*P<0.05, **P<0.01). 
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Fig. 4. Effects of various tested compounds on the proliferation of COX-2 positive (MAD-MB-231) cell line. Cells 
were exposed for 48 h to different concentrations (0.001, 0.01, 0.1, 1 mM) of compounds as indicated. Untreated cells 
incubated in the presence of vehicle (1% DMSO) and were used as negative control. Doxorubicin (0.1 mM) was used as 
positive control. For statistical significance one-way ANOVA was used to analyze the differences between each sample 
and negative control (*P<0.05, **P<0.01). 
 
 

 
Fig. 5. Effects of compounds on the proliferation of COX-2 negative (A-2780-s) cell line. Cells were exposed for 72 h 
to different concentrations (0.001, 0.01, 0.1, 1 mM) of compounds as indicated. Untreated cells incubated in the 
presence of vehicle (1% DMSO) and were used as negative control. Doxorubicin (0.1 mM) was used as positive 
control. For statistical significance one-way ANOVA was used to analyze the differences between each sample and 
negative control (*P<0.05, **P<0.01). 
 
 

 
Fig. 6. Electrophoretic pattern of separated DNA from treated Hela cells with compound D and E at concentration of 
(0.001 mM). (L: Ladder, 1: negative control, 2: 20 µL of compound E, 3: 20 µL of compound D). 
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As shown in Fig 2-4 all of the tested 
compounds showed significant inviability 
compared to the negative control (p<0.05) in 
COX-2 positive cell lines (Hela, MDA-MB-
231 and HT-29).Hela cell line was the most 
sensitive cells to the tested compounds (Fig. 2) 
whereas, A-2780-s cell was the most resistant 
cell line (Fig. 5). 
 
Apoptosis assay 

To elucidate the cytotoxic mechanism of 
these compounds, compounds D and E were 
selected for further DNA fragmentation assay 
and exposed to the most sensitive cell line, 
Hela, for 72 h at a concentration of 0.001 mM. 
As seen in Fig. 6, comparing with ladder and 
negative control, compounds D and E induced 
apoptosis in Hela cells. 

 
DISCUSSION 

 
Previous studies have shown that heteroaryl-
phenyl-substituted pyrazole derivatives are 
selective and potent COX-2 inhibitors (15). 
Celecoxib is one of these agents proposed as a 
putative chemo-preventive agent enhancing 
response of tumors to anticancer drugs or 
radio-response in combination therapy (16-
18). These statements are based on the 
findings that most of cancer progression in 
colorectal, gastric, esophageal, hepatocellular, 
pancreatic, lung, breast, skin, cervix and 
prostate cancer cells, are related to up-
regulation of COX-2 which increases the 
content of PGE2 as one of the main products 
(6,19). These results suggest that enhanced 
expression of COX-2 may play a role in the 
pathogenesis of cancer and COX-2 selective 
inhibitors can be used for cancer 
chemoprevention (6), while some other 
evidences showed these drugs also act by 
COX-independent mechanisms (8,20). In the 
present study, cytotoxic effects of four 
celecoxib derivatives on different human 
tumor cell lines were tested. Tested 
compounds showed different effects on each 
cell line (Figs. 2-4). Cell survival percent in 
Hela cell-line was the lowest, suggesting Hela 
to be more sensitive to the test compounds. 
Compounds E and G exerted potent cytotoxic 
effects against Hela, HT-29 and MDA-MB-

231, COX-2 positive cell lines. Structure 
activity relationship studies have revealed that 
the presence of two hydrophobic groups in the 
structure of COX-2 inhibitors seems essential 
for better COX-2 inhibitory effect. This is 
because when they are substituted with polar 
groups like CH2OH, the COX-2 inhibitory 
effect is decreased (21). Therefore,  the 
existence of hydrophobic Cl and CH3 
substituents at the para position of phenyl ring 
(R) in G and E compounds could be 
responsible for their more cytotoxic effects. 
COX-2 inhibitory effects play an important 
role in anti tumor activities. In the present 
study, A-2780-s, a non-expressing COX-2 
gene cell line originated from ovarian cancer, 
was exposed to the tested compounds and the 
results showed that this cell line was the most 
resistant cell line using MTT assay. These 
results confirmed that coxib derivatives used 
here exert their cytotoxic effects via inhibition 
of  COX-2 enzymes. As reported before by 
Bijman and co-workers  HT29, Hela and 
MDA-MB-231 cells express COX-2 protein 
under standard culture conditions, while A-
2780-s cells is not able to express this enzyme 
(22). Therefore, little effects of compounds on 
A-2780-s cell line may be, in part, due to the 
lack of COX-2 enzyme synthesis.  

In agreement with our findings, results of 
other studies revealed that induction of 
apoptosis and DNA fragmentation was one of 
the most reported mechanisms for COX-2 
inhibitors (10,23,24). As shown in Fig. 6, 
compounds D and E fragmented DNA at the 
lowest doses (0.001 mM). Comparison of the 
ladder and negative control results confirmed 
that tested compounds could induce apoptosis 
after 72 h. 

 
CONCLUSION 

 
Compounds E and G in comparison to D 

and F exerted more cytotoxic effects on COX-
2 positive cell lines (Hela, HT-29 and MDA-
MB-231). The increased activity may be due 
to the presence hydrophobic substituent (Cl, 
CH3), located at the para position of phenyl 
ring leading  to more lipophilicity, cell uptake 
and consequently increased cytotoxic effects. 
Among these compounds, D and E, induced 
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also apoptosis on Hela cell line. Therefore, to 
propose celecoxib derivatives with optimum 
anti inflammatory and anti-proliferative 
activities, compound E with both cytotoxic 
and apoptotic effects on cancer cell lines could 
be suggested for further studies. 
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