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SUMMARY

 

The aim of this study was to assess the synovial fluid (SF) neurotransmitter excitatory amino acid
(EAA) levels, including glutamate (Glu) and aspartate (Asp), in the context of SF levels of other amino
acids, TNF-

 

a

 

 and chemokines from patients with active arthropathies

 

.

 

 The SF was collected from
patients with active rheumatoid arthritis (RA), gout, or osteoarthritis (OA). The SF samples were anal-
ysed for levels of neurotransmitters glutamate and aspartate, tumour necrosis factor-alpha (TNF-

 

a

 

),

 

R

 

egulated upon Activation 

 

N

 

ormally T-cell 

 

E

 

xpressed and 

 

S

 

ecreted (RANTES), macrophage inhibi-
tory factor-1 alpha (MIP-1

 

a

 

) and interleukin 8 (IL-8). SF WBC counts were also determined. Corre-
lations between SF EAA, TNF-

 

a

 

 and chemokines were determined by the Pearson product-moment
correlation. Primary cultures derived from SF from active RA and gout patients were incubated with
added 

 

L

 

-glutamate, to assess if exposure to Glu could increase TNF-

 

a

 

 levels. There were significant ele-
vations in SF EAA, SF TNF-

 

a

 

 and SF RANTES in RA patients compared to gout or OA patients. Sig-
nificant correlations between SF EAA and SF RANTES, MIP-1

 

a

 

 and IL-8 levels were seen, and SF
EAA and SF TNF-

 

a

 

 or SF WBC levels approached significance. Addition of exogenous neurotrans-
mitter glutamate significantly increased TNF-

 

a

 

 levels in primary cell cultures derived from RA and gout
patients. The SF neurotransmitter EAA levels significantly correlated to selected SF chemokine levels,
in clinically active RA, gout and OA patients, independent of disease. Added Glu resulted in signifi-
cantly increased TNF-

 

a

 

 levels in primary synovial cell cultures. These data expand the relationship of SF
neurotransmitter EAA levels to SF cytokines and chemokines in patients with clinically active arthritis,
and suggest that neurotransmitters Glu and Asp contribute to peripheral inflammatory processes.
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INTRODUCTION

 

Previous studies have demonstrated increased neurotransmitter
excitatory amino acids (EAA), glutamate (Glu) and aspartate
(Asp), in patients with active arthropathies [1]. Synovial fluid
(SF) EAA levels were independent of SF WBC count or diagnosis
when single time-point samples were analysed. Studies analysing
amino acid levels in the context of body compartments have dem-
onstrated that the SF EAA levels could be independent of plasma
or other body fluid values. Independent SF EAA levels demon-
strating compartmentalization are possibly due to local produc-
tion, compartment accumulation or altered clearing mechanisms
[2]. Additional studies analysing neurotransmitter EAA from

sequential arthrocenteses demonstrated dynamic fluctuations of
SF EAA over time, again reflecting local inflammatory processes
[3,4]. The elevations in SF EAA, especially Glu, in experimental
arthritis models have been associated with increased oedema and
sensitization to thermal hyperalgesia [5,6].

Previous studies and reviews have reported increased SF
cytokine levels notably TNF-

 

a

 

 and IL-1 in patients with rheuma-
toid arthritis [RA][7,8]. Production of SF TNF-

 

a

 

 and inflamma-
tory chemokines are thought to be from resident synovial cells
and the cells migrating from the blood into the joint during
inflammation [7–10]. Elevations in these cytokines are believed to
stimulate the production of interleukin-8 (IL-8) and other
chemokines, resulting in an influx of inflammatory cells into the
joint space. Increased chemokine levels of Regulated upon Acti-
vation Normally T-cell Expressed and Secreted (RANTES) (mac-
rophage inflammatory protein-1

 

a

 

 (MIP-1

 

a

 

) and IL-8 have been
reported in SF from active arthropathies [11–14].
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This study compares the mean SF neurotransmitter EAA,
TNF-

 

a

 

 and chemokine (RANTES, MIP-1

 

a

 

 and IL-8) levels in
patients with RA, acute gout (gout) and osteoarthritis (OA), to
evaluate possible correlations between the levels of SF EAA and
the traditional inflammatory mediators reported in active arthri-
tis. In addition, primary cell cultures derived from the SF of RA
and gout patients were established to determine the effect of
added 

 

L

 

-glutamate on the production of TNF-

 

a

 

. These data sup-
port the hypothesis that increased SF neurotransmitter Glu and
Asp levels contribute to joint inflammation in active arthropa-
thies, such as RA and gout and OA.

 

MATERIALS AND METHODS

 

Patients

 

All patients had active arthritis during clinical evaluations, as
determined by synovial effusion and pain. All patients fulfilled the
1987 ACR revised criteria for their diagnosis [15], including RA
(

 

n

 

 = 19). Synovial fluid (SF) from patients with acute gout
(

 

n

 

 = 15) contained phagocytosed monosodium urate crystals
observed by polarized light microscopy and had negative cultures
for microbial organisms. The OA was diagnosed clinically and all
patients (

 

n

 

 = 10) had correlative radiological changes of the
affected joint with negative SF examinations for crystals and
microbial organisms. Retrospective chart reviews (TM and BAB)
of these patients were carried out independently to confirm the
clinical diagnoses. The mean age 

 

±

 

 SE and (age range) for the
patient groups are as follows: RA: 53·5 

 

±

 

 2·36 (30–70) years; gout:
54 

 

±

 

 2·6 (43–65) years and OA: 58·3 

 

±

 

 3·53 (47–68) years. The per-
centage of female patients for each group are as follows: RA:
63%, gout: 14% and OA: 40%.

 

Synovial fluids

 

Synovial fluids (SF) were collected from patients who underwent
diagnostic or therapeutic arthrocenteses from 1993 to 2003. These
discarded samples are maintained as part of a serology/fluids
repository by the Gulf Coast Arthritis Registry-Serology
(GCARS) at the University of Texas Medical Branch, Galveston,
TX and are under IRB guidelines and approval. Synovial fluids
were collected in sterile tubes after cell pelleting with no preser-
vatives and stored at 

 

-

 

20 or 

 

-

 

80 degrees under sterile conditions.
One-ml aliquots were also collected and transferred to microcen-
trifuge tubes to be analysed in the various assays under blinded
conditions. Synovial fluids were thawed only once for all analyses.

 

High pressure liquid chromatography (HPLC)

 

Free amino acid determinations were obtained with a Waters 717
system with autosampler (Waters, Milford, MA USA), Beckman
114M solvent delivery pumps (Beckman Fullerton, CA USA),
Bioanalytical systems FL-45 fluorescence detector (excitation
250 nm, emission 456: Bioanalytical systems, West Lafayette, LA
USA) and Waters Millennium software. A standard HPLC pro-
tocol was utilized [1]. Samples (100 

 

m

 

l) were injected into the
HPLC analyser with the reagent solution (sodium borate, 0·01 

 

M

 

,
pH 8·95, Millipore filtered) and run at 25

 

∞

 

C.

 

Experimental standards and quality control

 

Internal amino acid controls included homocysteine and norleu-
cine. The recommended internal control is norleucine, as
homocysteine competes with another protein peak in some rheu-
matoid arthritis samples. Internal sample controls were run after

every 25 samples as quality controls to monitor inter- and intra-
assay variability. Duplicate or triplicate samples were run for each
patient. Control samples were included to confirm the negligible
effects of heparin, EDTA, citrate, addition of whole blood and
freeze-thawing up to 5 times on SF amino acid concentrations
(data not shown). The SF samples were thawed once at the time of
the assay. Previous studies showed no impact of deproteination
(data not shown) or SF WBC count (1) on SF EAA levels.

 

Measurement of Synovial fluid TNF-

 

a

 

, RANTES, MIP-1

 

a

 

 
and IL-8

 

Quantitative measurements of SF TNF, RANTES, MIP-1

 

a

 

, and
IL-8 were performed using a commercial immunoassay kit
(Quantikine, R & D Systems, Minneapolis, MN, USA) expressed
as pg/ml. SF samples were thawed 

 

¥

 

 1. Values were expressed as
the average plus standard error for the groups or cell culture
conditions.

The sensitivities and (ranges) for each immunoassay kit are
provided from the manufacturer as follows: TNF-

 

a

 

: 4·4 pg/ml
(15·6–1000 pg/ml), RANTES: 8 pg/ml (31·2–2000 pg/ml), MIP-
1

 

a

 

: 10 pg/ml (46·9–1500 pg/ml for serum), IL-8: 10 pg/ml (31·2–
2000 pg/ml).

For reference, the mean cadaver SF TNF-

 

a

 

concentration = 1·25 pg/ml, range 0–5 pg/ml and the mean SF
RANTES levels from cadavers were negligible, i.e. below the lev-
els of detection. The SF cadaver values for MIP-1

 

a

 

 and IL-8 were
not determined.

 

White blood cell counts

 

WBC counts derived from patient SF at the time of arthocentesis
were determined by the hospital laboratory and are used as diag-
nostic or therapeutic information in the patient medical record.
WBC counts are expressed as the cell number/mm

 

3

 

.

 

Cell cultures

 

Freshly obtained synovial fluid (30–40 mls of discarded specimen)
from clinically active RA or gout patients were plated into tissue
culture well plates (Corning, Corning, NY, USA) within 30 min of
diagnostic or therapeutic knee arthrocentesis [16]. The culture
plates were incubated overnight at 37

 

∞

 

C, in 5% CO

 

2

 

. The next
morning (16 h), the nonadherent cells (lymphocytes and polymor-
phonuclear leucocytes) were removed to isolate adherent cells
(monocytes and synoviocytes) in culture. Adherent cells were
washed with RPMI media (Gibco, Grand Island, NY, USA) 

 

¥

 

3
and incubated with RPMI culture media, 2 m

 

M

 

 L-Glutamine and
1000 units penicillin and 100 units streptomycin (Gibco). In addi-
tion, the cultures were incubated with 10% cell free synovial fluid
from the same donor for the first 24 h. Parallel adherent cell cul-
ture wells were used for CD14 staining of the adherent cells, to
determine the percentage of CD14+ (monocyte-derived) cells in
the population. The adherent cells were 10–14% CD14 + cells by
cell staining from both RA and acute gout SF. The adherent cell
cultures were washed 

 

¥

 

 3 with PBS and replacement media now
had 15% heat-inactivated fetal calf serum. On Day 7, aliquots of
the culture media were taken. Experimental conditions were set
up in triplicate. The exchange media included no added 

 

L

 

-
glutamate (control) or supplemented 500 

 

m

 

M

 

 (for RA) or 250 

 

m

 

M

 

(for gout) 

 

L

 

-glutamate (Sigma Chemical Co, St. Louis, MO,
USA). The 

 

L

 

-glutamate solution was pH adjusted to 7·4 with
NaOH before addition to cultures). At two hours, culture super-
natants were collected for EAA and TNF-

 

a

 

 concentration
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determinations. The cultures were then washed with PBS 

 

¥

 

 2 and
the media replaced with the culture media without added 

 

L

 

-
glutamate. Cell viability was confirmed at several time points on
parallel cultures with trypan blue exclusion. At 15 h, a second set
of culture supernatant aliquots was collected and the cells of the
cultures checked for cell viability by trypan blue exclusion. The
adherent cell cultures maintained 

 

>

 

95% viability by trypan blue
exclusion at both time points.

 

Data expression and statistical analyses

 

Mean SF EAA, TNF-

 

a

 

, RANTES, MIP-1

 

a

 

 and IL-8-values are
expressed as the mean concentrations with standard error (SE)
from patient groups based on the diagnoses of RA, gout, or OA.
Analyses of mediators were based on available SF patient sample
numbers as follows: SF Glu and Asp: 

 

n

 

 = 44; SF TNF-

 

a

 

: 

 

n

 

 = 41; SF
RANTES: 

 

n

 

 = 22; SF MIP-1

 

a

 

: 

 

n

 

 = 36; SF IL-8: 

 

n

 

 = 35 and SF
WBC: 

 

n

 

 = 35. Correlation analyses among all SF AA, TNF-

 

a

 

,

chemokine concentrations and WBC counts were evaluated by
the Pearson product-moment correlation using the Statistica Ver-
sion 5·0 program (Stat Soft Inc, Tulsa, OK). Unpaired and paired
students 

 

t

 

-tests were also performed using Sigmaplot software
(SPSS, Inc, Chicago, IL, USA). A 

 

P

 

-value 

 

<

 

0·05 was considered
significant.

 

RESULTS

 

Figure 1 depicts the mean SF EAA concentrations for Glu and
Asp (

 

m

 

M

 

), TNF-

 

a

 

, RANTES, MIP-1

 

a

 

 and IL-8 (in pg/ml) for clin-
ically active RA, gout and OA patient samples. The mean SF Glu
levels were 33% higher in RA and gout patient samples (inflam-
matory arthropathies) compared to OA patients (332·3 

 

±

 

 29·30,
364·21 

 

±

 

 50·19 and 240 

 

±

 

 38 

 

m

 

M

 

, respectively) but were not signif-
icant. The mean SF Asp levels were twofold higher in RA and
gout patients, compared to OA patients (38·56 

 

±

 

 5·05, 34·66 

 

±

 

 5·96

 

Fig. 1.

 

Mean SF levels were determined for SF EAA Glu and Asp by HPLC, and SF TNF-

 

a

 

, RANTES, MIP-1

 

a

 

 and IL-8 levels were
determined by immunoassay (ELISA). SF levels were obtained for the following patients during clinically active disease; rheumatoid
arthritis (RA, 

 

n

 

 = 19), gout (

 

n

 

 = 15) and osteoarthritis (OA, 

 

n

 

 = 10). *

 

P

 

 

 

<

 

 0·05 when compared to RA. ^

 

P

 

 

 

<

 

 0·05 when compared to gout.
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and 16·87 

 

±

 

 3·29 

 

m

 

M

 

, respectively). The differences in mean SF
Asp levels were significant between RA and OA groups
(

 

P

 

 

 

< 0·01) and gout and OA groups (P < 0·02). The differences in
SF Asp levels between RA and gout patient samples were not sig-
nificant. The mean SF TNF-a concentrations were almost twofold
higher in RA and gout patient samples, compared to OA patient
samples (93·53 ± 25·21, 75·36 ± 15·92 and 38·88 ± 5·98 pg/ml,
respectively). The differences in mean SF TNF-a levels were sig-
nificant between RA and OA patient groups (P = 0·01). The dif-
ference in mean SF TNF-a levels between RA and gout samples
did not reach statistical significance, nor did the differences in SF
TNF-a levels between gout and OA patient samples.

The differences in mean SF RANTES concentrations were
also highest in RA samples compared to gout and OA
(634·5 ± 132·96, 185 + 38·82 and 145 + 63·56 pg/ml, respectively).
The mean SF RANTES levels in RA patients were significantly
elevated compared to OA patient (P = 0·01) and gout patient
samples (P = 0·03). The differences in mean RANTES levels
between gout and OA patient samples were not significantly dif-
ferent. The SF sample number from gout patients (n = 3) was very
low and may not reflect a meaningful comparison.

Markedly elevated mean SF MIP-1a concentrations were
seen in RA, relative to concentrations seen in gout and OA
patient samples (612·85 ± 109·86, 47·73 ± 10·76 and 14 ± 5·42 pg/
ml, respectively). The differences in mean SF MIP-1a levels were
significant between patient samples for RA versus OA (P < 0·01),
RA versus gout (P < 0·001) and gout versus OA (P = 0·023). The
mean MIP-1a level for OA was below the recommended range
for the immunoassay, or negligible. Mean SF IL-8 levels were also
highest in RA samples compared to gout and OA (8050 ± 1108,
3510·75 ± 1823 and 1096·1 ± 484 pg/ml, respectively). The mean
SF IL-8 levels in RA patients were significantly elevated com-
pared to OA (P < 0·001). The differences of mean SF IL-8 levels
between RA and gout and gout and OA patients were not signif-
icant.

RA patients had the highest mean concentrations for all
mediators studied, except for SF Glu, which was marginally
higher in gout patients (332·32 ± 29·44 versus 364·21 ± 50·19 mM,
respectively). There were variable mean SF chemokine levels rel-
ative to high SF EAA levels in the gout patient samples. The mean
SF EAA and TNF-a levels were higher relative to those mean val-
ues obtained for SF RANTES, SF MIP-1a and SF IL-8 in the gout
patient samples. In the OA patient samples, the SF EAA and SF
TNF-a levels were comparatively higher than those of SF
RANTES, SF MIP-1a and SF IL-8.

The mean ± standard error SF WBC counts for RA, gout and
OA patient samples were 14 855·81 ± 1790·62, 15 708·3 ± 5129 and
1199·12 ± 420/mm3, respectively. These data are consistent for cell
counts derived from ‘inflammatory arthropathies’, such as RA
and acute gout and ‘noninflammatory’ arthropathies, such as
osteoarthritis.

The mean SF EAA, TNF-a, RANTES levels and WBC counts
were significantly elevated (P < 0·0001) in all SF samples derived
from active arthropathies, compared to the mean values obtained
from nonarthritic, cadaveric SF samples (not shown). Cadaveric
SF values for MIP-1a and IL-8 were not obtained.

Correlation of SF EAA levels to levels of inflammatory 
mediators
Table 1 summarizes the correlation analyses demonstrating
statistically significant associations between the SF EAA,

inflammatory mediators and WBC counts, independent of dis-
ease. SF Glu levels were significantly correlated with SF Asp lev-
els (P < 0·01), SF RANTES levels (P = 0·03) and SF IL-8 levels
(P < 0·01). Mean SF Asp levels were significantly correlated with
SF Glu (P < 0·01), SF RANTES (P < 0·01) and SF MIP-1a
(P < 0·01). In addition, there were significant correlations
between SF RANTES and SF MIP-1a (P = 0·02), RANTES and
IL-8 (P = 0·01), and MIP-1a and IL-8 (P < 0·01). The SF IL-8 lev-
els were also significantly correlated with SF TNF-a (P < 0·01)
and SF WBC counts (P < 0·01). Correlation analyses of SF Asp
levels with SF TNF-a levels approached significance (P = 0·06,
n = 44). Correlation analysis of SF Glu levels with SF WBC
counts approached significance (P = 0·053, n = 40). Analyses of
the SF inflammatory mediators were also conducted for each clin-
ical disease and generally reflected the values obtained for the
samples independent of disease (not shown). The SF sample
numbers for individual diseases were not sufficient for detailed
analysis.

Synovial cell culture TNF-a levels are increased with 
exogenous L-glutamate
Figure 2 demonstrates increased TNF-a levels in supernatants of
primary cultures from adherent cells exposed to added L-
glutamate. At the time of synovial fluid harvest, the spun SF
supernatants had mean TNF-a levels of 34·00 ± 3·2 pg/ml for the
RA patient and 40·1 ± 3·7 pg/ml for the gout patient. After one
week, mean TNF-a levels from culture supernatants were
4·02 ± 2·32 pg/ml for the RA cultures and 7 ± 1·2 pg/ml for the cul-
tures from the acute gout patient (these baseline values are below

Table 1. Correlations of SF EAA, TNF-a, chemokine levels and white 
blood cell counts derived from patients with active arthropathies

Asp TNF-a RANTES MIP-1a IL-8 WBC†

Glu
r2 = 0·55 0·02 0·20 0·06 0·21 0·09
P = <0·01 0·31 0·03 0·09 <0·01 0·053

Asp
r2 = 0·07 0·29 0·19 0·04 0·03
P = 0·06 <0·01 <0·01 0·23 0·29

TNF-a
r2 = 0·09 0·06 0·19 0·09
P = 0·16 0·11 <0·01 0·06

RANTES
r2 = 0·24 0·25 0·01
P = 0·02 0·01 0·60

MIP-1a
r2 = 0·30 0·48
P = <0·01 0·18

IL-8
r2 = 0·74
P = <0·01

The analyses were performed by the Pearson product-moment corre-
lation. SF mediator concentrations were analysed independent of disease.
TNF-a: tumour necrosis factor-alpha. Chemokines: RANTES (Regulated
upon Activation Normally T-cell Expressed and Secreted), MIP-1a (mac-
rophage inflammatory protein-1a) and IL-8 (Interleukin-8). †white blood
cell count/mm3. The number of samples for each mediator correlation
comparison ranged from 22 to 44.
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the range for the TNF-a immunoassay). The cell cultures were
incubated for two hours with (for gout) 250 mM or (for RA)
500 mM L-glutamate. This glutamate concentration range is con-
sistent with the physiologic levels obtained in SF samples from
RA, acute gout, Reiters and SLE patients [1]. Increased TNF-a
concentrations were seen in the cell culture supernatants two
hours after addition of L-glutamate. Two hour incubation with
added L-glutamate resulted in a 6·77–7·14-fold increase in TNF-a
levels, compared to the cultures that were incubated under similar
conditions in the absence of added L-glutamate. After the L-
glutamate containing media was removed, the cells were washed
and replaced with normal culture media. The supernatant TNF-a
levels had returned to baseline at 15 h after media replacement
(not shown).

DISCUSSION

This study demonstrates high levels of SF EAA in patients with
active RA, gout or OA, with variable SF cytokine and SF
chemokine levels. In all arthropathies, the mean SF EAA, TNF-a
and RANTES levels were significantly elevated, compared to the
baseline levels obtained from nonarthritic, cadaver controls (not
shown). Significant and strong correlations were noted between
SF Glu and Asp levels and also among the SF chemokine levels.
There were also significant, although less robust correlations
between the SF Glu and SF RANTES or IL-8 levels and between
SF Asp and SF RANTES or MIP-1a levels, independent of SF
TNF-a levels. A previous study reported that treatment with
selective anti TNF-a blocking agents resulted in a decrease in
synovial MCP-1 and IL-8 levels, but not synovial RANTES or

MIP-1a levels [17]. The correlations between Glu and RANTES
and Asp and RANTES or IL-8 suggest that SF EAA’s might pro-
vide an alternative mechanism to promote (or possibly sustain)
SF chemokine up-regulation, independent of the status of SF
TNF-a levels. Neurotransmitter up-regulation of SF chemokines
might have important clinical relevance, as 20% of RA patients
do not respond to anti-TNF-a therapy and over time, anti-TNF-a
therapy may lose its efficacy [18,19]. More formal studies to assess
the influence of TNF-a in synovial cultures will be necessary to
assess if neurotransmitters Glu and Asp can directly up-regulate
chemokines independent of TNF-a.

Previous studies have demonstrated 4·61-and 2·15-fold eleva-
tions of neurotransmitters Glu and Asp, respectively, relative to
other amino acid concentrations, in active arthropathies [20]. In
an experimental arthropathy, behavioural alterations and changes
in joint circumference are seen as early as two hours post induc-
tion and correlated with an increase in intra-articular and spinal
Glu concentrations [5,6,21,22]. Also, direct intra-articular injec-
tion of Glu results in an increase in joint blood flow, as measured
by Doppler flow [23]. Other studies have shown Glu to be tightly
regulated in culture in neuronally derived cells and our additional
studies have demonstrated compartmental disparities of EAA in
non-neuronal tissues [2,24]. Glu, leucine or isoleucine did not
result in increased TNF-a [25] in cultured peripheral blood mono-
nuclear cells, but this may reflect the tissue or compartment
source. Glutamate receptor agonists resulted in increased TNF-a
release in neuronal tissue, supposedly by microglial macrophages
[26]. Other neurotransmitters have also been implicated in the
development of inflammatory arthropathies [27–31]. Effective
modulation of inflammatory and nociceptive parameters in arthri-
tis have been studied with both peripheral and spinal cord manip-
ulations [5,14,22,32–36].

The cell origins of the SF EAA, TNF-a or chemokine levels
contributing to the active arthropathy can not be identified from
the synovial fluids. The source of elevated SF EAA’s might
include leakage from nerve endings, generation by resident cells,
reflecting direct production, or possibly compartmental disparity,
reflecting transport or carrier protein influences. The cell origin
for mediator synthesis or release might be dependent on the spe-
cific arthropathy [37–39]. Also, some mediators may be more
prominent at early or later time points based on clinical activity
[40,41]. These factors might confound direct assessment of inflam-
matory mediator relationships from synovial fluids

To further assess the relationship between SF Glu and TNF-a
levels, primary synovial cell cultures derived from SF from RA
and acute gout patients were set up in triplicate to assess the influ-
ence of added neurotransmitter Glu on TNF-a levels on synovial
cultures. Incubation with L-glutamate demonstrated significantly
increased TNF-a levels in the culture supernatants after two
hours. It is unclear which cells (synoviocytes or macrophages)
were responding to the L-glutamate, as both tissue macrophages
and synoviocytes are capable of synthesizing TNF-a. In later
experiments, established clonal fibroblast-like synoviocytes
(SW892) also demonstrated increased TNF-a supernatant levels
after exposure to glutamate receptor agonists, but usually as
strong potentiators to other activators of TNF-a.

The culture data shows that neurotransmitter Glu and other
glutamate receptor agonists can influence synovial cell TNF-a
production, which in turn, can up-regulate additional cytokine
and chemokine production and related mediators of inflam-
mation. The above suggests two mechanisms by which SF

Fig. 2. Mean TNF-a levels were determined in SF and from supernatants
of primary synovial cells by immunoassay (ELISA). Mean TNF-a levels
and standard deviations are expressed in pg/ml. SF: synovial fluid from
arthrocentesis first pelleted and fluid aspirated to assess TNF-a levels. SF
was also directly plated into culture and nonadherent cells were removed.
After 7 days in culture, primary synovial cells were incubated with no
added L-glutamate (–) or added L- glutamate (+) for two hours. Triplicate
cultures were derived from one RA patient and one gout patient, on no
specific anti-TNF-a therapy. Mean glutamate concentrations in the culture
supernatants by HPLC were: no added L-glutamate: 50 mM, the same con-
centration as noted in the uncultured media; 500 mM added Glutamate;
470 mM, and 250 added L-glutamate: 230 mM. Cell cultures maintained
viability by trypan blue exclusion at 2 and 15 h post glutamate incubation.
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neurotransmitters might promote inflammatory mediators, one
that is TNF-a dependent and one that is TNF-a independent. Our
lab has found glutamate receptors (NMDA and mGlu) on the cell
surfaces of primary and established synoviocyte cultures. We have
demonstrated that glutamate receptor activation increases cellu-
lar proteins (McNearney et al. unpublished observation).

This study provides evidence that synovial cells exposed to
increased (pathological?) levels of Glu can trigger an inflamma-
tory response, or possibly contribute to the maintenance of a
sustained inflammatory response. This study also suggests that
inflammatory mediators in active arthropathies can derive from
several pathways and adjunct therapy may be necessary to
truly contain many activators of synovial hypertrophy and
inflammation.
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