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FLUOXETINE AND AMITRIPTYLINE INHIBIT NITRIC OXIDE,
PROSTAGLANDIN E2, AND HYALURONIC ACID PRODUCTION IN

HUMAN SYNOVIAL CELLS AND SYNOVIAL TISSUE CULTURES

ILANA YARON, IDIT SHIRAZI, RACHEL JUDOVICH, DAVID LEVARTOVSKY,
DAN CASPI, and MICHAEL YARON

Objective. To evaluate the effects of fluoxetine and
amitriptyline on nitric oxide (NO), prostaglandin E2

(PGE2), and hyaluronic acid (HA) production in human
synovial cells and synovial tissue cultures.

Methods. Human synovial cells, synovial tissue,
and cartilage were cultured in the presence or absence
of cytokines, lipopolysaccharides (LPS), fluoxetine, or
amitriptyline. Production of NO, PGE2, and HA was
determined in culture media. Sulfated glycosaminogly-
can (S-GAG) synthesis was evaluated in cartilage by 35S
incorporation.

Results. Fluoxetine (0.3 mg/ml, 1 mg/ml, and 3
mg/ml) inhibited NO release by 56%, 62%, and 71%,
respectively, in the media of synovial cells stimulated by
interleukin-1a (IL-1a; 1 ng/ml) plus tumor necrosis
factor a (TNFa; 30 ng/ml). Amitriptyline (0.3 mg/ml, 1
mg/ml, and 3 mg/ml) caused a 16%, 27.3%, and 51.4%
inhibition of NO release. Fluoxetine and amitriptyline
(0.3 mg/ml, 1 mg/ml, and 3 mg/ml) significantly (P <
0.05) inhibited PGE2 release in the media of human
synovial cells in the presence of IL-1a plus TNFa, in a
dose-dependent manner (up to 88% inhibition). Fluox-
etine (0.3 mg/ml, 1 mg/ml, and 3 mg/ml) and amitripty-
line (1 mg/ml and 3 mg/ml) significantly (P < 0.05)
inhibited PGE2 release in the media of human synovial
tissue in the presence of LPS. Fluoxetine and amitrip-
tyline (0.3 mg/ml, 1 mg/ml, and 3 mg/ml) also signifi-
cantly (P < 0.05) inhibited HA production by human
synovial cells in the presence of IL-1b plus TNFa.

Fluoxetine and amitriptyline (1 mg/ml) partially re-
versed IL-1b–induced inhibition of 35S-GAG synthesis
by human cartilage cultures (P < 0.05). Neither fluox-
etine nor amitriptyline had a toxic effect on cells in the
concentrations used.

Conclusion. Inhibition of NO and PGE2 produc-
tion by connective tissue cells is a mechanism by which
some antidepressant medications may affect pain, artic-
ular inflammation, and joint damage.

Antidepressants are being used as a supplemen-
tary therapy in both inflammatory and noninflammatory
chronic rheumatic diseases. Amitriptyline and, more
recently, fluoxetine have been used in the management
of fibromyalgia (1,2). Furthermore, they are used in the
management of osteoarthritis (OA) and rheumatoid
arthritis (RA) to combat secondary depression resulting
from these chronic illnesses (3). An inhibitory effect on
experimental animal inflammation has been described
for tricyclic antidepressants (4) and, more recently, for
fluoxetine as well (5). The mechanism of their inhibitory
effect on experimental animal inflammation is not clear,
nor is their mode of action in patients with fibromyalgia.

Prostaglandin E2 (PGE2) and nitric oxide (NO)
mediate inflammation and pain (6–8). Overproduction
of hyaluronic acid (HA) is an integral part of connective
tissue cell activation during inflammation (9).
Interleukin-1 (IL-1) and tumor necrosis factor a (TNFa)
play important roles in the pathogenesis of OA (10) and
RA (11), respectively. Lipopolysaccharides (LPS) are
inducers of IL-1, TNFa, NO, and PGE2 in different
types of cells (12–14). We report herein the effects of
amitriptyline and fluoxetine on the production of NO,
PGE2, and HA in human synovial cells and synovial
tissue cultures, and on the synthesis of sulfated glycos-
aminoglycan (S-GAG) in cartilage cultures, in the pres-
ence of either IL-1(a or b) and TNFa or LPS.
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MATERIALS AND METHODS

IL-1a, IL-1b, and TNFa were from Biogen SA (Ge-
neva, Switzerland). LPS was from Difco Laboratories (Detroit,
MI). IL-1a or IL-1b was used at random according to their
technical availability at the time that the experiments were
performed, since previous experiments showed very similar
effects of IL-1a and IL-1b in our model. Amitriptyline,
diazepam, nialamide, aminoguanidine, and asymmetric
dimethylarginine (ADMA) were from Sigma (St. Louis, MO).
Fluoxetine pure substance was a donation from Eli Lilly
(Indianapolis, IN). Nitroprusside was from Schwarz Pharma
(Mannheim, Germany). Cytokines or LPS and test materials
were concomitantly added to cultures.

Specimen selection and culture conditions. Synovial
tissue and cartilage were obtained during surgery from 16
patients who were undergoing total knee or hip replacement
for OA (4 men, mean 6 SD age 71.6 6 0.58 years, 12 women,
age 71.4 6 2 years) and from 1 female patient with RA (age 71)
who was undergoing total knee replacement.

Synovial cells derived from small pieces (2 mm in
diameter) of human synovial tissue were grown after
trypsinization in monolayers in tissue culture flasks, by meth-
ods described by Castor et al (9). Synovial cell lines were thus
obtained and experiments performed in passages 2–4 (after
first trypsinization). The culture medium consisted of RPMI
1640, supplemented with L-glutamine (2 mM), penicillin (100
units/ml), and streptomycin sulfate (100 mg/ml), and 10% fetal
calf serum (FCS; Biological Industries, Beit Haemek, Israel).
Experiments were performed in 96-well plates containing
15–20 3 103 cells per well in 1% FCS. Incubation time (37°C,
5% CO2) with different additives was 48–72 hours.

Organ cultures. Within 2 hours of removal, synovial
tissues were cut into small pieces (a few mm in diameter) and
cultured in 2-cm Petri dishes with test materials in RPMI 1640
supplemented with L-glutamine (2 mM), penicillin (100 units/
ml), and streptomycin sulfate (100 mg/ml). Following 48 hours
of incubation (37°C, 5% CO2), NO, PGE2, and HA were
measured in culture media.

Cartilage tissue was finely diced, randomized, and
distributed uniformly in 96-well plates containing 0.2 ml Dul-
becco’s modified Eagle’s medium, 1% FCS, penicillin, and
streptomycin. Test materials were added and followed up 24
hours later by carrier-free 35SO4 (specific activity 1,100 Ci/
mmoles; Amersham, Buckinghamshire, UK) at a final concen-
tration of 40 mCi/ml. After 2 days of further incubation, the
supernatants and cartilage were collected for analysis of S-GAG.

NO, PGE2, and HA determinations. NO synthesis was
determined as previously described by Ashab et al (15). NO2
and NO3 were determined after the reduction of NO3 to NO2
by a 90-minute incubation in a tilting bath (37°C) using nitrate
reductase from Escherichia coli and beta nicotinamide adenine
dinucleotide phosphate (reduced form) (Sigma) as cofactor.
The presence of NO2 was determined with Griess reagent.
Sensitivity of the procedure was 3 mM. PGE2 was determined
by radioimmunoassay, and HA by 14C-glucosamine up-
take using the cetyl pyridinium chloride fixation wash proce-
dure (16).

35S-GAG determination. Incorporation of the SO4
radioactive label into GAG was determined by the cetyl
pyridinium chloride fixation wash procedure (16). S-GAG
levels were determined in proteolytic digests of combined
cartilage tissue and culture medium. Digestion was performed
at 56°C for 16 hours with pronase (0.5 mg/ml) in 0.05M Tris
buffer, pH 7.6 (Sigma).

Figure 1. Effect of fluoxetine (FLUOX; 0.3 mg/ml, 1 mg/ml, and 3
mg/ml), hydrocortisone (HYDRO; 5 mg/ml), aminoguanidine
(AMINO; 3 mM), and asymmetric dimethylarginine (ADMA; 3 mM)
on the release of nitric oxide (NO) in the media of synovial cell
cultures stimulated by interleukin-1a (IL-1a; 1 ng/ml) plus tumor
necrosis factor a (TNFa; 30 ng/ml). Bars show the mean and SEM of
3 separate experiments (n 5 3). The absolute mean 6 SEM level of
NO in control cultures was 71 6 19 nmoles/106 cells and that in IL-1a
plus TNFa–stimulated cultures was 118 6 13 nmoles/106 cells.

Figure 2. Effect of amitriptyline (AMITR; 0.3 mg/ml, 1 mg/ml, and 3
mg/ml), hydrocortisone (5 mg/ml), aminoguanidine (3 mM), and
ADMA (3 mM) on the release of NO in the media of synovial cell
cultures stimulated by IL-1a (1 ng/ml) plus TNFa (30 ng/ml). Bars
show the mean and SEM of 3 separate experiments (n 5 3). The
absolute mean 6 SEM level of NO in control cultures was 88 6 11
nmoles/106 cells and that in IL-1a plus TNFa–stimulated cultures was
113 6 11 nmoles/106 cells. See Figure 1 for other definitions.
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Cell viability and toxicity determinations. Cell viability
and toxicity in the presence of amitriptyline or fluoxetine were
determined in human synovial fibroblast monolayer cultures by

trypan blue exclusion test and by the tetrazolium salt XTT
assay (17).

Statistical analysis. In synovial cell cultures, absolute
values of NO, PGE2, and HA were expressed per well (15–
20 3 103 cells). In synovial tissue and articular cartilage
cultures, determinations were on a per mg tissue basis.

Statistical significance (determination of P values) was
evaluated by analysis of variance and by Student’s t-test. P
values of less than 0.05 were considered statistically significant.

Individual experiments were performed in triplicate or
quadruplicate. Results reported as the percentage of stimu-
lated cultures represent the findings from several separate
experiments. The number of experiments performed and the
absolute values for controls and stimulated cultures are re-
ported in the figure legends.

RESULTS

NO production. Fluoxetine (0.3 mg/ml, 1 mg/ml,
and 3 mg/ml) and amitriptyline (1 mg/ml and 3 mg/ml)
significantly and dose-dependently inhibited NO release
in the media of synovial cells in the presence of IL-1a (1
ng/ml) plus TNFa (30 ng/ml) (Figures 1, 2, and 3).
Fluoxetine induced inhibition by 56%, 62%, and 71%,
respectively, and amitriptyline by 16%, 27.3%, and
51.4%, respectively, in the 3 dosages administered. Hy-
drocortisone (5 mg/ml), aminoguanidine (3 mM), and
ADMA (3 mM) also abrogated stimulated production of
NO (Figures 1 and 2). The same concentrations of
fluoxetine and amitriptyline inhibited, in a similarly

Figure 3. Dose-response curve for the effect of fluoxetine and ami-
triptyline on the production of prostaglandin E2 (PGE2), NO, and
hyaluronic acid (HA) by human synovial cell cultures stimulated with
IL-1 (1 ng/ml) plus TNFa (30 ng/ml). Bars show the mean 6 SEM. See
Figures 1 and 2 for other definitions.

Figure 4. Effect of diazepam (VAL; 0.3 mg/ml, 1 mg/ml, 3 mg/ml, and
10 mg/ml) and that of nialamide (NIAL; 10 mg/ml) on NO production
by human synovial cell cultures stimulated with IL-1b (1 ng/ml) plus
TNFa (30 ng/ml). Bars show the mean and SEM of 3 separate
experiments (n 5 3). The absolute mean 6 SEM level of NO in control
cultures was 80 6 0.8 nmoles/106 cells and that in IL-1b plus
TNFa–stimulated cultures was 134 6 10.3 nmoles/106 cells. N.S. 5 not
significant (see Figure 1 for other definitions).
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significant manner, IL-1–stimulated NO and PGE pro-
duction in rheumatoid synovial fibroblast cultures (data
not shown). NO levels obtained in control cultures
(mean 6 SEM 71 6 19 nmoles/106 cells) were low and
toward the lower end of sensitivity of the Griess reaction

assay. Nevertheless, the effects of fluoxetine and ami-
triptyline on the basal levels of NO were apparently
negligible (Figures 1 and 2). Diazepam and nialamide
had no significant effect on NO production by stimu-
lated cultures (Figure 4).

Figure 5. Effect of fluoxetine (0.3 mg/ml, 1 mg/ml, and 3 mg/ml) on the
release of prostaglandin E2 (PGE2) in the media of synovial cell
cultures stimulated with IL-1a (1 ng/ml) plus TNFa (30 ng/ml). Bars
show the mean and SEM of 4 separate experiments (n 5 4). The
absolute mean 6 SEM level of PGE2 in control cultures was ,0.1
ng/well and that in IL-1a plus TNFa–stimulated cultures was 7.4 6
0.59 ng/well (20,000 cells). INDO 5 indomethacin (see Figure 1 for
other definitions).

Figure 6. Effect of amitriptyline (AMITR; 0.3 mg/ml, 1 mg/ml, and 3
mg/ml) on the release of prostaglandin E2 (PGE2) in the media of
synovial cell cultures stimulated by IL-1a (1 ng/ml) plus TNFa (30
ng/ml). Bars show the mean and SEM of 4 separate experiments (n 5
4). The absolute mean 6 SEM level of PGE2 in control cultures was
,0.1 ng/well and that in IL-1a plus TNFa–stimulated cultures was
7.4 6 0.59 ng/well (20,000 cells). INDO 5 indomethacin (see Figure 1
for other definitions).

Figure 7. Effect of diazepam (VAL) and nialamide (NIAL) (0.3
mg/ml, 1 mg/ml, and 3 mg/ml) and that of indomethacin (INDO; 5
mg/ml) on prostaglandin E2 (PGE2) production by human synovial cell
cultures stimulated by IL-1b (1 ng/ml) plus TNFa (30 ng/ml). Bars
show the mean and SEM of 3 separate experiments (n 5 3). The
absolute mean 6 SEM level of PGE2 in control cultures was ,0.1
ng/well (20,000 cells) and that in IL-1b plus TNFa–stimulated cultures
was 3.5 6 0.45 ng/well (20,000 cells). See Figure 1 for other definitions.

Figure 8. Effect of fluoxetine (FLUOX; 3 mg/ml), amitriptyline
(AMITR; 5 mg/ml), and hydrocortisone (HYDRO; 5 mg/ml) on the
release of prostaglandin E2 (PGE2) in the media of synovial tissue
cultures stimulated with lipopolysaccharides (LPS; 3 mg/ml). Bars show
the mean and SEM of 3 separate experiments (n 5 3). The absolute
mean 6 SEM level of PGE2 in control cultures was 1.26 6 1 ng/mg
synovial tissue and that in LPS-stimulated cultures was 42.5 6 1.48
ng/mg synovial tissue.
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PGE2 production. Fluoxetine and amitriptyline (0.3
mg/ml, 1 mg/ml, and 3 mg/ml) significantly and dose-
dependently inhibited PGE2 release in the media of human
synovial cells in the presence of IL-1a plus TNFa (up to
88% inhibition) (Figures 3, 5, and 6). Indomethacin (5
mg/ml) completely abrogated PGE2 production. Diazepam
and nialamide (0.3 mg/ml, 1 mg/ml, and 3 mg/ml) had no
significant effect on stimulated PGE2 production (Figure
7). Fluoxetine (3 mg/ml), amitriptyline (5 mg/ml), and
hydrocortisone (5 mg/ml) significantly inhibited PGE2 re-
lease in the media of human synovial tissue in the presence
of LPS (3 mg/ml) (Figure 8).

HA production. Fluoxetine (0.3 mg/ml, 1 mg/ml,
and 3 mg/ml) and amitriptyline (1 mg/ml and 3 mg/ml)
significantly and dose-dependently inhibited HA pro-
duction in IL-1b (1 ng/ml) plus TNFa (30 ng/ml)–
stimulated human synovial cells, as measured by 14C-
glycosamine uptake (Figure 9).

35S-GAG synthesis. Both fluoxetine and amitrip-
tyline (1 mg/ml) partially reversed IL-1b (1 ng/ml)–
induced inhibition of 35S-GAG synthesis by human
cartilage cultures (Figure 10). The NO synthase inhibi-
tor, aminoguanidine (1 mM), had a similar effect to that
of fluoxetine and amitriptyline, while the NO donor,
nitroprusside (10 mg/ml), reversed the effect of fluox-
etine and amitriptyline (Figure 10).

At the above-mentioned concentrations, neither
fluoxetine nor amitriptyline affected viability or had
toxic effects when added alone to human synovial cell

cultures, as measured by the XTT viability test (Table 1)
and by trypan blue dye exclusion test (more than 95% of
cells excluding trypan blue).

DISCUSSION

Although it has been known for a long time that
some antidepressant drugs possess antiinflammatory (4)
and analgesic (18,19) properties, their mechanism of

Figure 9. Effect of fluoxetine and amitriptyline (0.3 mg/ml, 1 mg/ml,
and 3 mg/ml) on hyaluronic acid production by IL-1b (1 ng/ml) plus
TNFa (30 ng/ml)–stimulated synovial cells, as measured by 14C-
glycosamine uptake. Bars show the mean and SEM of 3 separate
experiments (n 5 3). The absolute mean 6 SEM value in control
cultures was 154 6 25.5 disintegrations per minute (DPM)/well and
that in IL-1b plus TNFa–stimulated cultures was 1,207 6 99 dpm/well
(20,000 cells). See Figures 1 and 2 for other definitions.

Figure 10. Effect of fluoxetine and amitriptyline (1 mg/ml) on sulfated
glycosaminoglycan (35S-GAG) synthesis by human cartilage in the
presence of IL-1b (1 ng/ml), nitroprusside (NITRO) (10 mg/ml), and
aminoguanidine (AMINO; 1 mM). Bars show the mean and SEM of 3
separate experiments (n 5 3). The absolute mean 6 SEM value in
control cultures was 914 6 179 disintegrations per minute (DPM)/mg
cartilage and that in IL-1b–stimulated cultures was 331 6 56.4 dpm/mg
cartilage. See Figures 1 and 2 for other definitions.

Table 1. Results of the XTT viability test*

Mean 6 SEM
% of control

Control 100 6 4.8
Fluoxetine 0.3 mg/ml 95.5 6 5.0
Fluoxetine 1.0 mg/ml 127 6 7.0
Fluoxetine 3.0 mg/ml 139 6 5.0
Fluoxetine 10 mg/ml 144 6 24.0
Amitriptyline 0.3 mg/ml 139 6 15.5
Amitriptyline 1.0 mg/ml 106 6 6.5
Amitriptyline 3.0 mg/ml 118 6 15.0
Amitriptyline 10 mg/ml 117 6 15.5

* The test measures the number of metabolically active cells by a
colorimetric technique (17). Before applying the test, synovial cells
were incubated for 72 hours at 37°C with fluoxetine or amitriptyline
under the same conditions as in all other experiments described. The
data represent the mean results of 4 separate experiments (6 wells for
each drug concentration, 20,000 cells/well). The absolute mean 6 SEM
value in control cultures was 1.2 6 0.05 optical density. It clearly
appears that at all drug concentrations, the XTT viability test for
synovial fibroblasts incubated with the 2 drugs showed more than 95%
metabolically active cells.
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action has remained unclear. An early study (4) attrib-
uted the antiinflammatory effect to their ability to
inhibit catecholamine uptake. Later studies suggested an
anti-PGE2 effect for both tricyclic (e.g., clomipramine,
amitriptyline) and serotonin reuptake inhibitor (e.g.,
fluoxetine) antidepressants (20) in experimentally in-
duced inflammation in the rat. A similar antiinflamma-
tory effect in the rat was described for carbamazepine
(21), a drug sometimes used to combat depression. In
patients with RA (22) and ankylosing spondylitis (23),
amitriptyline was more effective than placebo in reduc-
ing articular pain and disease activity. However, another
controlled, double-blind study showed no difference
between placebo- and amitriptyline-treated RA patients
regarding articular pain and tenderness (24).

Studies during the past few years clearly indicate
an important role for NO in inflammation (25) and OA
(26). NO mediates suppression of cartilage proteoglycan
synthesis by IL-1 (27), and IL-1 stimulates its production
by articular chondrocytes and synovial cells (28). In-
creased synthesis of HA by connective tissue cells is an
integral part of connective tissue activation, as described
by Sisson et al (29). There is a close correlation between
stimulation of HA production and that of PGE2, which
are both induced by IL-1b and TNFa (30). We found
elevated levels of HA in the sera of women with
fibromyalgia (31), and others have reported elevated
levels in patients with RA and OA, correlating with
disease activity and disease progression (32,33). How-
ever, the pathophysiologic significance of this observa-
tion for fibromyalgia is still unclear. In the same vein, the
significance of HA inhibition demonstrated by fluox-
etine and amitriptyline in vitro (Figure 9) in fibromyal-
gia patients requires further clarification.

Furthermore, there are no data indicating in-
creased cytokine levels in fibromyalgia patients. Addi-
tion of IL-1a plus TNFa to cultures of synovial cells
derived from human synovial tissue induced stimulated
release of NO in culture media (Figures 1 and 2). We
used a combination of IL-1 and TNFa to augment the
NO stimulation and to partially mimic a situation in OA
and RA patients wherein both cytokines are presumably
present. However, the cytokine concentrations used in
our experiments were relatively high and were aimed at
achieving measurable amounts of NO in our model.

Synergistic and additive effects of these 2 cyto-
kines (Figure 9) were previously described (30). IL-1a
and IL-1b showed very similar effects in our model (16).
Fluoxetine (0.3 mg/ml, 1 mg/ml, and 3 mg/ml) and
amitriptyline (1 mg/ml and 3 mg/ml) significantly, and in
a dose-dependent manner, inhibited stimulated NO

release (Figures 1, 2, and 3). Nitric oxide synthase
(NOS) inhibitors (aminoguanidine and ADMA) as well
as hydrocortisone had an inhibitory effect on cytokine-
stimulated NO, in the same manner as that of fluoxetine
and amitriptyline (Figures 1 and 2), suggesting that
fluoxetine, amitriptyline, and hydrocortisone inhibit
NOS. Others, using a different model, have suggested
that paroxetine, a serotonin reuptake inhibitor, is an NO
inhibitor (34). It has been suggested that PGE2 and NO
do not mediate the synthesis of one another (35,36).

Fluoxetine and amitriptyline also inhibited stim-
ulated PGE2 release in the media of synovial cells
(Figures 5 and 6) and synovial tissue (Figure 8), as did
indomethacin (Figures 5 and 6) and hydrocortisone
(Figure 8). In contrast, diazepam and nialamide (0.3
mg/ml, 1 mg/ml, and 3 mg/ml) had no effect on PGE2 and
NO release in the media of human synovial cells (Fig-
ures 4 and 7). It appears that this capacity of PGE2 and
NO inhibition is not shared by all psychotropic drugs,
not even by all categories of antidepressants (nialamide,
a monoamine oxidase inhibitor with antidepressant
properties, had no effect in this respect). Both fluoxetine
and amitriptyline (1 mg/ml) significantly (P , 0.05), but
only partially, reversed inhibition of 35S uptake induced
in cartilage cultures by IL-1b (Figure 10). Since the NOS
inhibitor, aminoguanidine, had an effect similar to that
of fluoxetine and amitriptyline, and the NO donor,
nitroprusside, reversed this effect, one may conclude
that the effect of fluoxetine and amitriptyline is medi-
ated by NO.

The results of our studies indicate that some
antidepressant medications such as fluoxetine and ami-
triptyline, which represent 2 different classes of anti-
depressants, have the capacity of inhibiting cytokine-
stimulated NO, PGE2, and HA by human synovial cells
and partially reversing cytokine-inhibited 35S uptake by
human articular cartilage. One of the questions to be
answered in this respect is whether these medications
are really present in the articular tissues and, if so, at
what concentrations. To the best of our knowledge, no
studies of their bioavailability in articular structures such
as synovial fluid, synovial tissue, and articular cartilage
are yet available. Measuring levels of fluoxetine and
amitriptyline in the synovial fluid of patients receiving
these medications is of interest. However, blood levels
after administration of therapeutic doses of fluoxetine
(37) and amitriptyline (38) have been determined, and
these doses were very similar to the concentrations used
in our experiments.

We suggest that the effects of these 2 drugs on
inflammatory and noninflammatory rheumatic diseases
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are related not only to PGE2 inhibition, as previously
reported, but also and perhaps even more so, to an
inhibitory effect on NO production. Indeed, NO has
been implicated in the creation of both central (39) and
peripheral (40,41) pain. Furthermore, NO has been
implicated as one of the important mediators of articular
cartilage damage (27,28). Since amitriptyline and fluox-
etine inhibit NO synthesis by connective tissue cells, such
as both OA and RA synovial cells, we suggest that this
may be a mechanism for their analgesic effects in OA,
RA, and, perhaps, in fibromyalgia as well. Their appar-
ent “chondroprotective” effect in vitro (Figure 10) re-
quires further study in order to establish the in vivo value
of these drugs.

In conclusion, our studies indicate that amitrip-
tyline and fluoxetine inhibit production of NO, PGE2,
and HA by human synovial cells. Inhibition of NO and
PGE

2
production is an important mechanism by which

some antidepressant medications may affect pain, artic-
ular inflammation, and joint damage. Further studies are
required in order to establish the bioavailability of these
medications in human articular tissues and to establish
the mechanism of their effects on NO, PGE2, and HA
production by stimulated connective tissue cells. The
significance of their inhibitory effect on HA production
in patients with fibromyalgia and other rheumatic dis-
eases also warrants further elucidation.
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