EXPERIMENTAL AND THERAPEUTIC MEDICINE 16: 1647-1654, 2018

Effect of naproxen on proliferation and differentiation of
primary cell cultures isolated from human cartilage tissue
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Abstract. Non-steroidal anti-inflammatory drugs (NSAIDs)
that are applied through oral, injectable or topical routes have
been widely used in painful and inflammatory musculoskeletal
diseases. The current study aimed to determine whether
naproxen, an aryl acetic acid derivative with analgesic and
anti-inflammatory effects, has a toxic effect on human
chondrocytes. Samples containing monolayer primary
chondrocyte cultures were prepared following resection
from osteochondral tissues obtained from patients with
gonarthrosis. Cell viability, toxicity and proliferation and levels
of stage-specific embryonic antigen-1, a precursor to human
prechondrocytes, were evaluated spectrophotometrically. The
results from the untreated control group were compared with
those of the study groups, where naproxen was administered
in varying doses (1-1,000 #M). Surface morphologies of the
cells were compared using inverted light and environmental
scanning electron microscopy. Treatment groups were
compared by analysis of variance with Tukey's honest
difference post hoc test. P<0.01 was considered to indicate
a statistically significant difference. The research revealed
significant changes to proliferation and differentiation of
chondrocytes in all treatment groups (P<0.01). Naproxen
was demonstrated to suppress chondrocyte proliferation and
differentiation, which may be an important factor to consider
when prescribing this medication to patients.
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Introduction

To stabilize the anabolic and catabolic cycles in cartilage
tissue, it is important that acid and alkaline levels remain
constant. Decreased pH levels, leading to an acidic cartilage
environment, results in tissue degeneration (1,2). Healthy
cartilage tissues with alkali pH values reach acidic pH values
at various levels during inflammation (3). Non-steroidal
anti-inflammatory drugs (NSAIDs) are frequently prescribed
to patients with acute pain resulting from musculoskeletal
inflammation (3). As a result of this treatment, pH values in
cartilage decrease from alkali to acidic values, which may
result in pain, tissue damage and potential loss of func-
tion (4). The majority of frequently prescribed analgesic and
anti-inflammatory drugs contain acid functional groups and
are capable of binding to plasma proteins (3). Inflamed tissues
exhibit an acidic pH and display increased permeability,
promoted by accumulation of NSAIDs in these areas (5). As
the pH decreases, the oil-solvable ionized part increases, the
relationship with the lipid structure of the cell membranes and
the effect of the drugs increases (6).

Naproxen is an NSAID of the propionic acid class (7).
Upon literature examination, several studies were identified
which assessed the various side effects and/or adverse events
of naproxen (8,9). However, in a study by Gumustas et al (10), it
was expressed that no other such research had been performed,
except for a drug named flurbiprofen, which is a member of
the NSAID phenyl alkanoic acid family (7,11,12). Thus, the
present study aimed to investigate the effect of Naproxen on
chondrocyte viability and proliferation, as it is an agent that
creates a more acidic environment by lowering the pH value.
In addition, the present study assessed the effect of naproxen
administration on the expression of stage-specific embryonic
antigen-1 (SSEA-1), a prechondrocytic marker.

The prechondrocytic stage-specific embryonic antigen-1
(SSEA-1) marker was used to analyse whether cells in primary
chondrocyte cultures undergo differentiation or maintain their
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undifferentiated structure and if they undergo stimulation or
inhibition (13). A previous study has demonstrated that during
human mesenchymal stem cell contain embryonic stem cell
differentiation; the SSEA-1 protein component is upregu-
lated (13). However, in cells that do not undergo differentiation,
the SSEA-1 marker is downregulated (13). In previous studies
that did not prepare cell lysates, the characterization of cells in
chondrocyte cultures was assessed by detecting the increase
or decrease in SSEA-1 in cultured cells. Thus, the presented
study utilized the SSEA-1 marker for molecular analysis (13).

Materials and methods

Selection criteria for tissue samples. The present study
analyzed osteochondral tissues obtained from 15 patients
diagnosed with gonarthrosis who underwent total knee
arthroplasty surgery. Tissues from 4 patients who received
NSAIDs, disease-modifying antirheumatic drugs (n=3)
and biological agents (n=2) within the last month were
excluded from the present study and the remaining 6 patients
(3 males and 3 females; age range, 59-76 years; mean age,
66 years) were included. These patients underwent surgery
at the Orthopaedics and Traumatology Departmen, Medipol
University Medical Faculty (Istanbul, Turkey) between
November 2016 and December 2017. Research was conducted
with the approval of The Ethics Committee of Istanbul
Medipol University School of Medicine (Istanbul, Turkey;
ethical permission no. 10840098-604.01.01-E.5734). Written
informed consent was obtained from all patients prior to
inclusion.

Materials. Collagenase type II (Clostridium histolycum;
1 mg/ml) and Hank's balanced salt solution (HBSS) were
obtained from Thermo Fisher Scientific, Inc. (Waltham,
MA, USA). Fetal bovine serum (cat. no. 12103C), Dulbecco's
modified Eagle's medium (DMEM; 1,000 mg/1 glucose;
cat. no. D5796), L-glutamine (cat. no. G3126), insulin, trans-
ferrin, sodium selenite media supplement (cat. no. 11884)
and dimethyl sulfoxide (DMSO) were all obtained from
Sigma-Aldrich (Merck KGaA, Darmstadt, Germany). An MTT
kit (Vybrant MTT Cell Proliferation assay; cat. no. V-13154)
was purchased from Cell Biolabs, Inc. (San Diego, CA, USA).
The SSEA-1 Human Mesenchymal Stem Cell Characterization
kit (cat. no. K36094-21A) was obtained from Celprogen, Inc.
(Torrance, CA, USA). Naproxen was supplied by Abdi Ibrahim
Pharmaceuticals (Istanbul, Turkey). Niive Laboratory &
Sterilisation Technology (Ankara, Turkey) supplied the laminar
flow cabinet (cat. no. NF-800 R) and incubator (cat. no. 06750).
Inverted light microscopy was performed with an Olympus
microscope (cat. no. CKX41; Olympus Soft Imaging Solutions
GmbH, Miinster, Germany) and images were evaluated using
the software supplied by the manufacturer. An ELISA reader
was obtained from Mindray Bio-Medical Electronics Co., Ltd.
(MR 96A; Shenzhen, China). The environmental scanning
electron microscope (ESEM) was a FEI Quanta 250 field
emission gun (FEG; Thermo Fisher Scientific, Inc.).

Study design. Human primary chondrocyte cultures without
naproxen were used as controls (Group I). The study groups
were then divided into Groups II-VII, which were treated with
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increasing doses (1, 10, 100,250,500 and 1,000 #M, respectively)
of naproxen. Samples from all groups were tested and compared
using spectrophotometric assays 24, 48 and 72 h following
naproxen treatment at 37°C in a humidified CO, incubator. MTT
cell viability, toxicity, proliferation and SSEA-1 protein levels
were the subsequently assessed. The surface morphology of
samples was then compared using an inverted light microscope
(magnification, x20) and ESEM. Researchers who examined
results were blind to the drugs and dosages utilized in each
group. Experiments were performed at least 3 times.

Isolation and culturing of primary human chondrocytes and
preparation and application of naproxen. Osteochondral
tissue was obtained from 15 patients diagnosed with gonar-
throsis who underwent total knee arthroplasty surgery at
Istanbul Medipol University School of Medicine, Department
of Orthopaedic and Traumatology (Istanbul, Turkey)
(n=15). Tissues from patients who had used NSAIDs (n=4),
disease-modifying antirheumatic drugs (n=3) and biological
agents (n=2) within the last month were excluded The tissues
of 6 patients diagnosed with stage IV Gonarthrosis were used
to establish cell cultures. The Kellgren-Lawrence protocol
was used to determine the stage of loss of cartilage to consider
these patients for surgery (14). Resected tissues were trans-
ferred to the laboratory for culture in Falcon tubes containing
Penicillin-Streptomycin according under previously described
transfer conditions (1). Following the separation of resected
osteochondral tissue from chondral tissue using a rounger,
the undamaged and intact chondral regions were used for cell
cultures.

Tissue samples were transferred to tubes following their
removal from bone and collagenase type II (200 u/ml),
dissolved in HBSS, was added. Tissue samples were incubated
for 16 h at 37°C in a CO, incubator. Tissue samples were then
centrifuged at 4°C at 890 x g for 10 min to discard collage-
nase. Sedimented cartilage tissue pellets were resuspended
in culture medium (DMEM) to obtain primary cultures and
medium was replaced every 2 days.

Primary cultures were established and multiplied (to make
a total of 6 primary cultures) with samples taken from each
patient. Passages were then performed to create 7 experimental
groups from these primary cultures. During passage, at least
3 cultures were established for each experimental group and
technically reprocessed for all applied methods. In summary,
cells were replicated for morphological evaluation as follows:
7x3 petri plates, 7x3 for MTT and 7x3 for SSEA-I.

When primary cultures reached a confluency of ~90%,
cells were detached using trypsinization and a scraper, and
stained with trypan blue (cat. no. T8154; Sigma-Aldrich;
Merck KGaA). As viable cells do not absorb trypan blue,
the solution was added to the cell suspension in a ratio of
1:4, placed on a Thoma slide (Paul Marienfeld GmbH & Co.
KG, Lauda-Konigshofen, Germany) at 37°C for 12 min and
counted using an inverted microscope (magnification, x10) as
previously described (1). Viable chondrocyte cells were then
plated in 96-well plates at a density of 1.5x10* cells/well, in
24-well plates at a density of 3.3x10* cells/well and in 10 mm
petri dishes at a density of 4.4x109 cells/dish.

Naproxen (550 mg) was aseptically dissolved in DMSO
(3.65 uM/ml) to produce a main stock concentration of
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Table I. Agents, commercial stock solution concentrations and final concentrations.
Pharmacological agent Commercial stock solution (mg/ml) Final concentration (#M/ml) Groups
Untreated control n/a n/a Group |
Naproxen 100 1 Group 11
Naproxen 100 10 Group III
Naproxen 100 100 Group IV
Naproxen 100 250 Group V
Naproxen 100 500 Group VI
Naproxen 100 1000 Group VII

100 mg/ml. This was then further diluted to obtain 1,000,
500, 250, 100, 10, and 1 xM/ml treatment solutions used with
culture medium. Group I was selected as the non-drug control
group and Group II-VI were treated with naproxen for 24, 48
and 72 h (Table I).

To perform MTT viability and SSEA-1 analyses, cells
from each group were proliferated and subgroups were formed
and treated with the aforementioned doses of naproxen. Drug
solutions were delivered to the researchers in lightproof
bottles to perform the analyses. Primary cultures were estab-
lished and multiplied with samples obtained from each patient
(6 primary cultures). Passages were then performed to form
7 experimental groups from these primary cultures. When
these passages were performed, 3 cultures were established
for each experimental group and technically reprocessed in
these cultures. At least three of the cultures established for the
reprocessing technique were tested for each applied method.
Cells were replicated for morphological evaluation as 7x3 petri
plates, 7x3 for MTT and 7x3 for SSEA-1 (24, 48 and 72 h).

Inverted light microscopy. Images of cell organizations
belonging to cartilaginous tissues were recorded at magni-
fication, x4, x10, x20 and x40 with phase-contrast confocal
microscopy prior to and following drug application. The
images were recorded using the Olympus cell soft imaging
system (Olympus Soft Imaging Solutions GmbH, Miinster,
Germany).

ESEM analysis. ESEM analysis was performed for
information about surface topography and compositions
of all experimental samples. Images of extracellular
matrix (ECM) in the cultural environments and the
structural characteristic of the cells were then scanned.
The culture medium was then removed from plates. A
mixture of cacodylate (cat. no. C0250) and glutaraldehyde
(cat. no. G5882; both Sigma-Aldrich; Merck KGaA) were
used for fixation at room temperature for 2 h. The culture
medium removed from the wells and cells were incubated
with cacodylate (0.2 M)/glutaraldehyde(2.5%) buffer at
room temperature for 2 h. Samples were washed three times
using cacodylate (0.2 M) buffer prior to analysis.

FEG ion pumps were used to generate high vacuum.
Images were recorded at 219-226 Pa in ESEM vacuum mode
with magnification, x5,000. Resolution depth horizontal field
width was 82.9 ym operating voltage was 5.00 kV and working
distance was 7.3-10.3 mm.

MTT-ELISA analyses. According to the protocols of
previous studies, viability tests were performed using an
MTT kit (1,5,6,10,13,15-20). Cartilage cells were analysed
at 0,24, 48 and 72 h prior to and following naproxen admin-
istration. To achieve this, medium was removed from cells
prior to incubation. The fresh MTT stock solution was then
prepared (containing MTT tetrazolium (2 mM) diluted with
DMEM. Hydrochloric acid (0.01 M) and SDS (0.1 g/ml)
were added to wells, followed by 100 I MTT stock solution.
Samples were incubated for 150 min in the dark at 37°C.
Samples (25 pul) were removed, DMSO (50 pl) was then
added and samples were incubated for 10 min at 37°C prior
to recording the absorbance at 540 nm according to manu-
facturers' protocol.

To test proliferation, 100 1 of SDS-HCI solution was added
to all wells with MTT and samples were incubated for 18 h
at 37°C. Viability was accepted as 100% prior to administra-
tion of the naproxen agent to cultures.

SSEA-1 chondrocyte activity assays. The SSEA-1 protein is
upregulated during the differentiation of human mesenchymal
stem cells containing embryonic stem cells; but downregulated
in cells not undergoing differentiation (1,9,12). The SSEA-1
Human Mesenchymal Stem Cell Characterization kit was used
to classify cells in chondrocyte cultures as differentiating, not
differentiating, stimulated or inhibited by determining whether
SSEA-1 increases or decreases in all experimental groups.

Statistical analyses. Data are presented as the mean + standard
deviation. Minitab R16 (version 16; Minitab, Inc., State College,
PA, USA) was used for statistical evaluation and evaluations
were performed at a 95% confidence interval. Analysis of
variance was used to determine significant differences across
groups, followed by Tukey's honest significant difference
(HSD) to determine differences and investigate false positives.
P<0.01 was considered to indicate a statistically significant
difference.

Results

Evaluation of inverted light microscopy and ESEM. The
current study demonstrated that with increasing naproxen
dose, cell morphology changed (Fig. 1). Cells lost specific
shapes and appeared rounded as a reaction to naproxen treat-
ment. These findings were confirmed by ESEM analyses. It
was observed that chondrocytes lost their isogenous structures,
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Figure 1. Evaluating cytotoxicity of naproxen using inverted light microscopy.
The cells of the control group and the ECM were normal and proliferative.
In addition, in all the control groups, the percentage of confluency following
24 and 72 h was ~95%. However, drug-treated groups exhibited a rounded
shape from the 24th to the 72nd hour, particularly at concentrations of and
above 100 mM Naproxen. Moreover, ECM structures disappeared, and the
group treated with 1,000 mM naproxen almost entirely disappeared following
72 h. Following 48 h in groups treated with and above 500 nM naproxen,
the confluence of cells decreased and proliferation was clearly visible. Scale
bars, 100 M.

crimped and disintegrated into ECM (Fig. 2). The number of
cells with deteriorated morphology were primarily observed
following the 72-h analysis of groups treated with 1,000 mM
naproxen.

MTT-ELISA and SSEA-I analyses. Naproxen was revealed
to suppress cell proliferation and differentiation and demon-
strated a significant chondrotoxic effect (P<0.01; Table II).
The visual toxicity images produced via ESEM and inverted
light microscopy supported the MTT results. As a result of
this analysis, proliferation was demonstrated to be suppressed
by increasing naproxen dose (Fig. 3; Tables II and III). It was
observed that longer treatment (P=0.537) exerted greater
effects on cell differentiation than higher doses (P=0.143).

Here the naproxen used by the patients will accumulate in
the synovial fluid and reach the cartilage tissue. Although it
does not kill the cells, it suppresses proliferation in the carti-
lage with slow proliferation and prolongs the healing process
of the patients.
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Figure 2. Evaluating surface morphology of chondrocytes using environ-
mental scanning microscopy. All images were recorded at 219-226 Pa, with
a magnification of x5,000 and a resolution depth horizontal field width of
82.9 um. The operating voltage was 5.00 kV and the working distance was
7.3-10.3 mm. Healthy cells were observed following 24, 48 and 72 h in the
control group. It was demonstrated that the samples in the groups treated
with 1 uM naproxen (24, 48, and 72 h) and 10 uM (24 and 48 h) concentra-
tions exhibited similar, healthy images to the control group. However, typical
healthy histological images of chondrocytes were dulled or not observed
in samples treated with 10 M following 72 h. Samples that received 100,
250, 500 and 1,000 #M naproxen (at 24, 48 and 72 h) exhibited unhealthy
and dulled images when compared with the control group. It was also
observed at 72 h that the structure and integrity of the extracellular matrix
had deteriorated and ruptured in some regions of the unhealthy chondro-
cytes, particularly in those treated with 1,000 xM naproxen.

Discussion

Articular cartilage does not contain nerves, veins or lymphatic
tissues. Therefore, cartilage cells, which are the articular surfaces
of bones, are fed by a perichondrium layer in the vascular struc-
ture or by synovial fluid that washes the articular surface when
there is no perichondrium (10,13,18). Cartilage is also fed by a
double diffusion system (10,13,18). Since the outer layer of syno-
vial fluid is thick, nutrition or drugs are diffused from synovial
tissue to synovial fluid and thereafter pass from the synovial fluid
through pores (6-8 nm long) in the cartilage structure prior to
reaching chondrocytes, where diffusion occurs again (13,18-20).
In addition to the diffusion system, an active transport and
intermittent loading pump system are of great importance in
feeding of cartilage tissue (10,13,18-22). Any drug administered
to the body accumulates in almost all tissues, including synovial
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Table II. Analysis of variance results for MTT and SSEA-1
assay data on naproxen treatment at vrying concentrations
over time.

A, MTT-proliferation assay

Source DF AdjSS AdjMS  F-value P-value
Hour 2 0.002 0.001 1.98 0.143
Control 1 0.176 0.176 479.44 <0.001
Dose 5 0.002 0.000 0.82 0.537
B, SSEA-1 differentiation assay

Source DF AdjSS AdjMS  F-value P-value
Hour 2 0.062 0.031 15.96 0.000
Control 1 0.309 0.309 159.93 0.000
Dose 5 0.001 0.000 0.12 0.987

DF, degrees of freedom; Adj SS, adjusted sum of squares; Adj MS,
adjusted mean square; SSEA-1, stage-specific embryonic antigen-1.

Table III. Statistical analyses of pairwise comparisons for
SSEA-1 protein and MTT-cell proliferation assays, with
grouping information using Tukey's test at 95% confidence
interval.

A, MTT-cell viability, toxicity and proliferation assay

Hour Absorbance (OD)
Control 24 0.369
Control 48 0.367
Control 72 0.406
Naproxen 24 0.362
Naproxen 48 0.325
Naproxen 72 0.325

B, Stage-specific embryonic antigen-1 assay

Hour Absorbance (OD)
Control 24 0.462
Control 48 0472
Control 72 0.504
Naproxen 24 0.442
Naproxen 48 0411
Naproxen 72 0.397

OD optical density.

tissue. NSAIDs pass through the synovial fluid compartment
very slowly. However, NSAIDs penetrate the plasma membrane
and accumulate with fluctuations over time (23-27). Numerous
developments that have taken place in pharmaceutical and
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regenerative medicine and various studies have focused on
ways to protect and repair tissue damage and on the toxicity
of treatments at a molecular level (10,13,19). Orthopedic or
neurosurgeons are interested in repairing tissue damage using
biological methods (19,20,28). Previous studies have evaluated
protecting and repairing tissue damage, particularly in articular
cartilage, while others have examined effects of drugs on healthy
cartilage, facet joint and bone tissue (10,13,19,20,28).

The present study examined effects of naproxen, a widely
prescribed aryl acetic acid derivative, at a molecular level.
Effects on human articular primary cartilage cells were studied
and a toxic effect, in many cases involving painful and inflam-
matory musculoskeletal diseases (29), was evaluated. The
current study, combined with a previous study considered the
effect of naproxen alone and in combination with other NSAIDs
following major surgery and minimally invasive surgeries,
including arthroscopy and spine surgery, respectively (29).

Cytotoxicity research has included experimentation
using tissues obtained from animals (30). However, results
are not transferable to human studies because of differences
in physiological structure and sensitivity (15,16). Another
study was performed with commercial cell lines rather than
animal tissues (31). However, as these lines do not contain
microenvironments, including ECM, and only represent one
type cell, they are known to lose their original phenotypic and
genotypic characteristics (1,10,13,15,16,18-20). The current
study did not utilize animal tissue or commercial cell lines to
examine effects of naproxen on chondrocytes. Instead, cartilage
tissues from patients who had received knee prostheses in the
course of routine clinical practice were obtained. As primary
cultures taken from the chondral materials derived from the
lateral compartment, analyses of environments, including ECM
were performed in addition to investigation of cartilage cells.
ECM formation in cultures was examined morphologically
through an inverted light microscope and ESEM.

The possibility that patients were administered drugs prior
to this study, which may have accumulated in synovial tissue and
passed through cartilage tissue, was taken into consideration.
Acidic drug molecules that may have accumulated in tissues
may interact with naproxen, thereby causing toxicity (13). For
this reason, patient histories were evaluated and patients with
prior NSAIDs, disease-modifying antirheumatic drug and
biological agent treatment were excluded.

Cheleschi er al (32) reported that the cyclooxigenase-
2-inhibiting hybrid drug VA694, which enables nitric oxide,
exhibited anti-inflammatory and antinociceptive features.
The authors further studied the protective effects of VA694
in comparison with naproxcinod and naproxen on cartilage
tissue. Two concentrations (1 and 10 M) were analyzed.
Immunohistochemistry was performed to analyze chondro-
cytes and nuclear factor kB. It was demonstrated that VA694
was not sufficient to promote cell viability, although interleukin
(IL)-1p had a negative effect, causing a significant decrease
in VA694. Furthermore, it was reported that concentrations
used in VA694 were effective in preserving IL-13-stimulated
chondrocytes (32). It was demonstrated that Naproxen did not
exert any protective or positive contribution to chondrocytes
and/or ECM; however, no side effects were mentioned in the
present study. We expressed our results because it was said to
have protective efficacy as much as naproxen and naproxcinod.
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Figure 3. Changes in SSEA-1 protein levels and MTT assay results providing information on cell viability, toxicity and proliferation.

But naproxen does not have protective effect on the mentioned
tissue However; we found that chondrocyte proliferation
and SSEA-1 expression decreased in naproxen 72th hour's
administration in our study.

Previous aforementioned research has indicated that
naproxen gives rise to chondrocyte hypertrophy. However, the
present study determined that proliferation was suppressed.
These differences may be due to the addition of dexamethasone
into the medium utilized in previous studies. This negative
effect, which was observed, may have therefore been due to
the coexistence of the two chemicals. Dexamethasone was
added to the medium used for culturing. It has been reported
that dexamethasone does not account for increases in chon-
drogenic activity but may increase osteogenic activity (33). In
addition, dexamethasone is a pharmacological agent that has
been used to suppress inflammation (34). Certain previous
studies added dexamethasone to the medium when preparing
cultures; however, it is important to ensure that dexametha-
sone is not added to cultural environments, as it may suppress
chondrocyte proliferation (35,36).

The current study used molecular methods and microscopy
to demonstrate that naproxen suppressed chondrocyte viability
and proliferation and suppressed prechondrocytic precursor
cell differentiation into mature chondrocytes in primary
human chondrocyte cultures. Images of cells with rounded
shapes were observed and the poor development of ECM
was also visualized. The present study hypothesized that that
naproxen suppressed the development of cytotoxic and ECM
structures. The current study, which examined a broad concen-
tration range of naproxen (doses of 1-1,000 xM), demonstrated
all concentrations stopped cell proliferation following 72 h
treatment, and SSEA-1 protein levels were decreased. As
SSEA-1 is a marker for chondrocytic differentiation (13), no
further morphological experiments, including flow cytometry
or Giemsa staining were performed. Previous studies have
also demonstrated that ESEM analysis reveals morphological
abberations (10,13,37).

Recorded inverted light microscopy images demon-
strate naproxen toxicity and repression of cell proliferation.
Morphological changes occurring during proliferation were
confirmed by ESEM. As naproxen was demonstrated to
suppress cellular proliferation, it was further linked to a
decrease in SSEA-1 level. In the present study, varying concen-
trations of naproxen (1-1,000 M) were evaluated at varying
treatment lengths and chondrotoxic effects were demonstrated
via suppressed proliferation and differentiation of chondrocytes.

Using inverted light microscopy and ESEM, it was observed
that as the dose increased, cell morphology changed, with cells
losing their specific shapes and becoming rounded, as a reaction
to cytotoxic agents. Using MTT and SSEA-1 assays however, it
was demonstrated that longer durations exerted greater effects
on cell viability compared with higher doses.

In conclusion the present study evaluated effects of
naproxen, an aryl acetic acid derivative drug, on cell viability
of cartilage tissues using human primary chondrocyte
cultures. Although data obtained from in vitro experiments
does not directly compare to clinical practice, it may guide
understanding of how a drug prescribed for symptomatic relief
of another disease suppresses chondrocyte cell proliferation
and chondrogenic differentiation.
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