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Ö Z

Bu in vitro çalışmanın amacı, O-desmetilnaproksen’nin sitotoksik seviyesinin belirlenmesidir. Bu amaçla, L929 hücre hattı, 
fare bağ doku fibroblast hücreleri, 24- ve 48- saat boyunca farklı konsantrasyonlarda naproksen ve O-desmetilnaproksene 

maruz bırakılmıştır. Hücre canlılığı MTT ile test edilirken, apoptoz AO/PI çift boyama yöntemi ile belirlenmiştir. Kontrol grubu 
herhangi bir ajan içermeyen (sadece DMEM) ve % 100 hücre canlılığı olan grup olarak kabul edilmiştir. IC50 sonuçları, % 50 
hücre ölümüne neden olan grubun en yüksek konsantrasyona sahip 0-desmetilnaproksen’de (0.7 ug / mL) ortaya çıktığı 
ancak naproksen konsantrasyonlarının, % 50 hücre ölümüne neden olmadığı tespit edilmiştir. Sonuç olarak, idrarla vücuttan 
uzaklaştırılan naproksen metabolitlerinin, dikkate alınmayan yan etkilerinden kaçınmak için; naproksen metabolitlerinin 
birikimini belirlemek amacı ile daha ileri çalışmalar yapılmalıdır.
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A B S T R A C T

The aim of this in vitro study was assessment of the cytotoxic level of O-desmethylnaproxen. A mouse connective tissue 
fibroblast cell line, L929 was exposed to naproxen and O-desmethylnaproxen in different concentrations for 24- and 

48- hours. Cell viability was tested by 3-[4,5-dimethylthiazol-2-yl]-2,5-diphnyltetrazolium bromide (MTT), while apoptosis 
was determined by acridine orange/propidium iodide (AO/PI) double staining method. The control group was free from any 
agent (Dulbecco’s Modified Eagle’s Medium (DMEM) only) and accepted as 100% cell viability. The IC50 results indicated 
that the inhibition of 50% cell viability was resulted by the highest concentration of O-desmethylnaproxen (0.7 µg/mL) 
while none of naproxen concentration was caused 50% cell death. Consequently, to avoid the unacceptable side effects 
of naproxen metabolites that evacuated by urine; further studies should be conducted to determine the accumulation of 
naproxen metabolites.
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INTRODUCTION

Ibuprofen, diclofenac, and naproxen (non-steroidal 
anti-inflammatory drugs: NSAIDs) are used widely 

to reduce pain, fever, and inflammation.  Naproxen 
((S)-6-methoxy-α-methyl-2-naphthaleneaceticacid), is 
an NSAID with analgesic and antipyretic properties [1]. 
Naproxen was found to be rapidly absorbed in all spe-
cies and, once in the blood, was eliminated with half-
lives ranging from 2 to 35 hours [2]. Naproxen is mainly 
metabolized in humans to form two major metabolites 
(naproxen acyl glucuronide and O-desmethylnaproxen). 
It is released from the body in the unchanged form 
of conjugated with O-desmethylnaproxen sulfate 
and glucuronic acid [3]. This drug can transform into 
O-desmetyhlnaproxen via cytochrome P450 enzymes 
(CYP2C9 and CYP1A2 enzymes) [4], which can also be 
done by fungal species. Fungal cytochrome enzymes 
play a key role on the transformation of pharmaceuti-
cal compounds. One study was reported that naproxen 
metabolism of Cunninghamella species shows some 
similarities with human naproxen metabolism. Also, in 
the same study, they reported that desmethylnaproxen 
and desmethylnaproxen-6-sulfate was transformed 
from naproxen by Cunninghamella species [5].
 
Naproxen and its metabolites were excreted via urine 
from the body [6]. After metabolized of naproxen, app-
roximately 40% of its recovered from the urine as nap-
roxen conjugate, 10% as glucuronide naproxen, 12% as 
the glucuronide conjugate desmethylnaproxen, 5% as 
desmethylnaproxen and unknown conjugates of napro-
xen and desmethylnaproxen (app. 30%) [7].  

NSAIDs and their metabolites were also detected com-
monly in the aquatic environment [8]. It was detected in 
aquatic environments from ng L-1 to several µg L-1, due 
to excessive use of naproxen [9].  Due to naproxen rele-
ased about 30% as O-desmetyhlnaproxen with urine, it 
was detected in many environmental samples such as 
wastewater and surface water. Hühnerfuss et al. (2010) 
reported in their study that in two of the surface water 
samples taken from rivers, O-desmetyhlnaproxen level 
was 1.34 and 1.36 μg / L at high concentrations. The-
refore, determining the dose of O-desmetyhlnaproxen 
toxicity is important for public health as well as life in 
the water [10]. 

As mentioned in many other studies, under in vitro con-
ditions effects of compounds and their mechanism can 

be tested safe, and quickly in different cell lines. Cyto-
toxicity tests are the most common and easiest ways 
to measure the toxic effects of the chemicals [11]. In 
the literature, several markers have been defined to 
screen cytotoxicity of chemicals. Some researchers 
showed that in vitro studies results indicated that 
O-desmethylnaproxen, naproxen derivative, more toxic 
than its main compound on liver, lung, and intestinal 
cells, and at the same time it has eco-toxicity potential 
[1, 12-13].  

The main aim of this study was to determine the dose 
depended cytotoxicity effects of naproxen and its 
metabolite, O-desmethylnaproxen, on the mamma-
lian connective tissue fibroblast cell line, L929. By 
identifying the toxicity potential of naproxen and 
O-desmethylnaproxen, useful information can be ob-
tained about risk assessment for the environment and 
human health. Another important point is that the ste-
reoisomers of many pharmaceutical active compounds 
can trigger different biological effects. This study may 
be the first in vitro study of the dose-dependent effects 
of O-desmethylnaproxen on the mouse connective tis-
sue fibroblast cell line.

MATERIAL AND METHODS

Chemical agents
Naproxen sodium (CAS Number: 26159-34-2), penicil-
lin-streptomycin (CAS Number: 3810-74-0), MTT (CAS 
Number: 298-93-1), AO solution (CAS Number: 65-61-2), 
PI solution (CAS Number:  25535-16-4), and Dimethyl 
sulfoxide (DMSO) (CAS Number: 67-68-5) were obtai-
ned from Sigma Chemical Co. DMEM/F12 (Cat Number: 
FG 0415) and fetal bovine serum (FBS) (Cat Number: S 
0415) was obtained from Biochrom AG, Germany. All 
chemicals and solvents were obtained as cell culture 
grade.

O-desmethylnaproxen production and isolation
As described before, in our group’s previous study 
O-desmethylnaproxen was obtained by Aspergillus ni-
ger spore suspension and identified by proton nuclear 
magnetic resonance (1H NMR) and carbon-13 nuclear 
magnetic resonance (13C NMR) [14]. 

Proteomic analysis
As in our group’s previous study, proteomic analysis of 
O-desmethylnaproxen was done with LC/MS method 
[14].
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Preparation of chemicals doses
Naproxen and O-desmethylnaproxen were prepared 
in seven different concentrations (0.7, 0.5, 0.25, 0.125, 
0.0625, 0.03125, and 0.0156 µg/mL). To obtain the stu-
died concentrations, both chemicals were dissolved 
first in DMSO and then diluted with culture media. All 
doses were studied in six parallel.  The final concentrati-
ons of the solvent (DMSO) did not exceed 0.1%. 

In this study, naproxen and its metabolite concentrati-
ons applied for cytotoxicity test were used before for a 
previous study with osteoblastoma cancer cell line [15].

Cell line determination
L929, (ATCC cell line, NCTC clone 929), a mouse connec-
tive tissue fibroblast cell line, was preferred to use in 
this in vitro experiment. Fibroblast cells were selected 
because they are the predominant tissue type in the 
body. These cells are widely used for multiple purposes 
including biocompatibility and cytotoxicity tests due 
to their unlimited life span and their ability to multiply 
rapidly with a doubling time of 24 hours [16, 17]. More-
over, these cells are recommended by many standard 
institutions.

Cell culture
Cells were inoculated in 96-well culture plates at a den-
sity of 2 ×104 cells/well for MTT test and in 24-well cul-
ture plates at a density of 5 × 104 cells/well for AO/PI 
double staining. The groups are control (untreated gro-
up), solvent control (DMSO treatment only), naproxen 
treatment, and O-desmethylnaproxen treatment group. 
The untreated cells were considered as a control gro-
up. 0.1% DMSO treated cell groups were regarded as a 
solvent control group. After 24- and 48-h of incubati-
on, cell viabilities were assessed by the MTT assay. The 
assay was repeated in three independent experiments 
(with six replicates in each experiment; n:6). The per-
centage of cell viability was calculated by the following 
equation: [(A570 treated cells / A570 control cells) x 100 
%]. The concentration that leads to 50% inhibition of vi-
ability (IC50) was also calculated by regression analysis 
(S probit analysis program) (percent survival versus log 
concentration).

Assessment of cell viability
The colorimetric assay method was used as a standardi-
zed procedure defining viability [18]. Cell viability mea-
sures the percentage of a cell that is viable. At the end of 

the desired time point, 200 μl medium containing 10 μl 
0.5 mg/mL MTT was replaced with the culture medium 
and plates were incubated for four hours at 37°C. The 
medium was then removed and 100 μl of isopropanol 
was added to the wells to solve the formed formazan 
crystals. The absorbance value was measured by using 
a microplate reader (μQuantTM, BiotekW Instruments 
Inc, USA) at a wavelength of 570 nm. The absorbance of 
the treated cells was compared with that of the control, 
and cells exposed only to the normal medium were con-
sidered 100% viable.

Acridine Orange (AO)/Propidium Iodide (PI) double 
staining method
For the determination stage of apoptosis at each time 
point of MTT, AO/PI double staining was performed ac-
cording to the method of Mohan et al. 2011 [19]. AO is 
a vital dye that stains live and dead cells, while PI stains 
only cells that have lost their membrane integrity. After 
removing the chemical solutions and culture medium, 
cells were washed twice with PBS. Then, all groups were 
stained with the equal volume combination of AO and 
PI (1/1 w/w) for 20 seconds and washed twice with PBS 
for removing dyes. Then the mounting medium (glyce-
rol/PBS; 1:1 (v/v)) was applied to the cells to be obser-
ved under inverted microscopy with FITC and Rhodami-
ne filter (Olympus IX70, Japan). 

Following AO/PI staining, apoptotic and necrotic cells 
were counted according to the following criteria [20, 
21]: uniform green nucleus with an organized structure, 
intact plasma membrane, and orange or green cytop-
lasm, viable cells (1); bright green areas of chromatin 
condensation in the nucleus, early apoptosis (2); dense 
orange areas of chromatin condensation, late apoptosis 
(3); and orange intact nucleus, necrosis (4). 

Data analysis
Statistical significance was determined with the Graph-
Pad Prism 5.00 program. One-way analyses of variance 
(ANOVA) with Tukey post hoc test or Student t-test were 
used to analyses data. Data were expressed as mean ± 
standard error and it was considered significant when p 
< 0.05 and p < 0.01. 

IC50 values were calculated using SPSS statistics 17.0 
software (Statistical Package for the Social Sciences Inc, 
Chicago, IL, USA) probit analysis.
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Figure 2.Full scan ESI (–) mass spectrum for O-desmethylnaproxen.

Figure 1.LC and total ion chromatogram of purified O-desmethylnaproxen.
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RESULTS

To determine the purity of O-desmethylnaproxen, LC/
MS analysis was performed. According to LC/MS analy-
sis, the purification of O-desmethylnaproxen (98 %) 
from culture media was obtained as shown in Figure 1. 

As depicted in Figure 2, purified metabolite exhibits 
major ion at m/z 215 [M–H] which is 14 mass units lo-
wer than authentic naproxen (C14H14O3). This result indi-
cated that metabolite formed by loss of methyl group 
(O-desmethylnaproxen, C13H12O3). Besides LC/MS analy-
sis we used 1HNMR, and 13CNMR analysis in our former 
study to identify this metabolite [14].

AO and PI are intercalating nucleic acid-specific fluo-
rochromes that revealed phases of morphological chan-
ges and the degree of induction of apoptosis. Fragmen-
ted DNA was observed in apoptosis as reddish orange 
color in naproxen metabolite treated group compared 
to untreated control cells with a green normal structure. 
Apoptotic cells were observed immediately after 24-h 
of treatment. As shown in Figure 5-b, the highest con-
centration of O-desmethylnaproxen caused a critical 
decrease in proliferation and viability of cells. The num-
ber of apoptotic cell (yellow and orange) was more than 
the other concentrations of O-desmethylnaproxen and 
control group. Despite this, no differences were obser-
ved between naproxen and the control group (Figure 6). 
In addition, these results were supported by cell count 
for apoptotic and necrotic cells. The quantitative results 
obtained from fluorescence images of L929 cells after 
AO/PI dual staining are shown in Figure 7.

DISCUSSION

Naproxen is a member of the α-aryl propionic acid gro-
up of NSAIDs and used worldwide for pain relief and in 
the treatment of osteo and rheumatoid arthritis [22]. 

The anti-inflammatory effects of NSAIDs results from 
inhibition of cyclooxygenase (COX) isoenzymes, which 
reduces the production of prostaglandins (lipid auta-
coids that play a role in various cellular processes such 
as angiogenesis, apoptosis and cell migration) [23]. In 
addition, in a previous study has reported that NSAIDs 
inhibit caspase catalytic activity and reduce the inducti-
on of cell death and inflammatory cytokines [24]. 

In human body naproxen transforms into sulphate me-
tabolites, glycoconjugates and O-desmethylnaproxen 
and conjugates. Naproxen and its metabolites were exc-
reted via urine [6]. It is noted that some photoproducts 
of naproxen more toxic than mother compound [1]. The 
clearance of naproxen is 0.13 mL/min/kg according to 
product information; and approximately 95% of nap-
roxen from any dose is excreted in the urine, primarily 
as the main compound (<1%), O-desmethylnaproxen 
(<1%) or their conjugates (66% to 92%).

When dealt with from another perspective as biologi-
cal activity of pharmaceutically active compounds and 
their metabolites, in a previous report, it was notified 
that these compounds can enter aquatic environment 
in different ways such as excretion and disposal via 
wastewater [25]. Different pharmaceutical compounds 
were found in surface water, groundwater even in drin-
king water reservoirs [26]. Naproxen human metabolite 
O-desmethylnaproxen was found in 10 water samples 
from Germany and Pakistan [27]. For this reason, deter-
mining the toxicity of such compounds will lead to the 
obtaining of very useful information about drug meta-
bolites and theirs negative effects. 

It is well known that non-steroidal anti-inflammatory 
drugs (NSAIDs) reduce the growth of tumor network 
due to weakened local and systemic inflammation, 
possibly due to decreased prostaglandin production in 
tumor and host tissues. In the light of this information, 

Concentrations Control
Naproxen

(IC50 µg/ml)
O-desmethylnaproxen 

(IC50 µg/ml)

d1 100 28.9±2.1 46 ±5.1

d2 100 16.7±1.2 28.6±2.6

Table 1. The IC50 values of two concentrations (d1 and d2) of naproxen and O-desmethylnaproxen versus control on L929 cells; acti-
vity was evaluated by MTT assay after 48-h treatment with substances; data are expressed as the mean ± SD of three independent 
experiments.
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recent research has focused on the anti-proliferative 
effects of naproxen and its metabolites in many cancer 
cell types. In one of the recent reports published, it was 
reported that naproxen inhibited alkaline phosphatase 
activity in osteoblast cells with a certain dose and this 
inhibition might be an important finding in osteoblas-
toma mechanism [28]. They also reported the clinical 
benefits of NSAIDs in combination with chemotherapy 
in this report. In another study, the effects of naproxen 
on cancer cell line was worked and the report showed 
that this chemical agent inhibits cancer cell line’s proli-
feration and directed the cells to apoptosis [29].  Also in 
another report, it was shown that high doses of NSAIDs 
have demonstrated antitumor activity in various cancer 
cell populations by inhibiting the proliferation of can-
cer cells and their migration potential [30]. There were 
numerous papers about therapeutic doses of naproxen. 
They reported that these kinds of drugs can also have 
various effects on somatic cells, inhibiting their diffe-

rentiation potential and modulating their antigenic pro-
file or some of their immune functions [29, 31-34]. The-
se outputs have enhanced question about the cytotoxic 
effects of naproxen metabolites on somatic cells. In the 
present study, fibroblast cells were selected because 
they are the predominant tissue type in the body and in 
this study the cytotoxic effects of seven different doses 
of naproxen and its metabolite O-desmethylnaproxen 
were tested on a mouse connective tissue fibroblast 
cell line, L929. And we determined that 0.7 µg/mL of 
O-desmethylnaproxen inhibits cell growth by 50% after 
48-h incubation. This result indicated that metabolite of 
naproxen may cause minor side effects before excreted 
from body. In lower doses of O-desmethylnaproxen and 
all doses of naproxen, the toxicity is not noted in our 
study. 

Aresta and his colleagues reported that naproxen is 
partly metabolized to O-desmethylnaproxen, then 
both of them excreted in urine and while this happe-

Figure 3. Results of MTT assay in L929 cells treated with different doses of naproxen for 24- and 48-h (d1: 0.7 µg/ml, d2: 0.5 µg/ml, 
d3: 0.25 µg/ml, d4: 0.125 µg/ml, d5: 0.0625 µg/ml, d6: 0.03125 µg/ml, d7: 0.0156 µg/ml). The results are represented as Means ±SD 
(n: 6). There were no differences between groups. (C: Control; SC: Solvent Control, N: Naproxen, d: dilution).
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ning, both of them associated with serious side effects 
such as ulcers in the stomach, kidney failure, and with a 
number of minor side effects [35]. In our study we also 
supported our results with further analysis in order to 
indicate the potential apoptotic induction of high dose 
O-desmethylnaproxen on connective tissue fibroblastic 
cells that include in a large amount in human body. Our 
results showed that death cell potential is decreasing 
in fewer doses and compare to control group highest 
dose of O-desmethylnaproxen induce cell to apoptosis 
(p< 0.05).

The importance of this study is that it was conducted as 
a preliminary study with quantitative data obtained in 
vitro before clinical studies. In the same way, it is also 
important in terms of providing a basis for the studies 
for clinical trials.

The main limitation of this study is that in this study 
one type of cell line was tested which is a standard 
used as a reliable mammalian cell line, L929, for cyto-
toxicity tests. Despite the fact that cell-culture studies 
are very widely employed for toxicity and viability, we 
strongly believe that cytotoxicity potential of naproxen 

Figure 4.Results of MTT assay in L929 cells treated with different doses of O-desmethylnaproxen for 24- and 48-h (d1: 0.7 µg/ml, d2: 
0.5 µg/ml, d3: 0.25 µg/ml, d4: 0.125 µg/ml, d5: 0.0625 µg/ml, d6: 0.03125 µg/ml, d7: 0.0156 µg/ml). The results are represented as 
Means ±SD (n: 6), letter “*” show significantly difference (P < 0.05) among groups of O-desmethylnaproxen (D d1 and D d2) and cont-
rol group. (C: Control; SC: Solvent Control, D: O-desmethylnaproxen, d: dilution).
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Figure 5. Immunofluorescence staining results of L929 cell line (a) control group and (b-h) gradually decreasing concentrations of 
O-desmethylnaproxen applied to cells for 24-h. With gradually increased concentration, the number of apoptotic (orange) and necro-
tic cells (red) increased. Moreover, the proliferation rate was sharply decreased. Original magnifications: 200x (a-h).
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Figure 6. Immunofluorescence staining results of L929 cell line (a) control group and (b-h) gradually decreasing concentrations of nap-
roxen applied to cells for 24-h. In contrast to all other concentrations, a few apoptotic cells (orange) were observed at a concentration 
of d1: 0.7 µg/ml (b). Original magnifications: 200x (a-h).
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Figure 7. The population of viable, apoptotic (early and late), and necrotic cells in L929 cells treated with naproxen (A) and 
O-desmethylnaproxen (B) with different doses for 24-h. Results are shown as mean ± SD mean, derived from at least three replicates 
(*p < 0.05 and **p < 0.01). All comparisons were made with respect to the control group.
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and O-desmethylnaproxen should also be documented 
in different mammalian cell line, especially hepatic and 
renal cell lines. 

CONCLUSION

Our findings demonstrate that naproxen has no to-
xic effects, contrary to expectations cell viability 
increase with all doses of this drug. A high dose of 
O-desmethylnaproxen has toxic effects in terms of inc-
rease cell death. Non-clinical, laboratory based works 
always are unqualified for answering clinical questions 
but, since naproxen is used widely, the results may be 
handy for further clinical research.
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