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Abstract
Background: The inflammation that accompanies the pain and swelling associated with osteo- and
rheumatoid arthritis is mediated by complex interactions of inflammatory mediators. Cytokines
play a pivotal role in orchestrating many of these processes, including inflammatory cell
recruitment, adhesion and activation. In addition, prostaglandins are secreted into the synovial
cavity and are involved in perpetuation of local inflammation, vasodilatation and vasoconstriction,
and also with bone resorption. Pre-clinical models have been developed in order to correlate to
the human disease and principle among these is the adjuvant-induced arthritis model in the rat.

Methods: We have developed a technique to quantitatively assess the contents of synovial fluid
samples from rat joints. Two needles joined together are inserted into the knee joint of
anaesthetised rats and connected to a Watson-Marlow perfusion pump. Sterile saline is infused and
withdrawn at 100 µl min-1 until a 250 µl sample is collected.

Results: Our results demonstrate up to 125 fold increases in synovial IL1α and IL1β
concentrations, approximately 30 fold increases in levels of IL6 and IL10 and a 200–300 fold
elevation in synovial concentrations of TNFα during FCA-induced experimental arthritis. Finally,
this novel technique has demonstrated a dose-response relationship between FCA and the total
cell counts of synovial perfusates.

Conclusion: In summary, this new technique provides a robust method for quantifying
inflammatory mediators and cells from the synovial cavity itself, thereby detailing the inflammatory
processes from within the capsule and excluding those processes occurring in other tissues
surrounding the entire articulation.
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1. Background
Inflammatory joint diseases such as rheumatoid arthritis
(RA) are regulated by complex interactions involving
many mediators, such as prostanoids and cytokines. The
infiltration of cells into the synovial tissue and joint space
is another key characteristic of synovitis, which combined
with release of these mediators and degradative enzymes,
eventually leads to cartilage and bone destruction (for
reviews see [1]).

Measuring the levels of these mediators of inflammation
in the synovial fluid from patients can provide informa-
tion about the underlying pathophysiology of joint dis-
ease [2], for example the level of severity and current
activity [3-5] as well as inter-individual variations in dis-
ease [6] and effectiveness of drug-treatments (for review
see [7]). Furthermore changes occurring in the synovial
fluid can be used as biomarkers of disease; this has already
been demonstrated in RA patients with plasma levels of
inflammatory proteins [8,9].

Human joint fluid samples have been taken and analysed
for inflammatory mediator content from both healthy
volunteers and patients with joint diseases. These studies
revealed the importance of particular cytokines, including
Tumour Necrosis Factor (TNF)α, Interleukin (IL) 1β, and
IL6, which are now targets for disease-modifying anti-
rheumatic drugs (DMARDs; for review see [10,11]). Fur-
thermore increases in virtually all the prostanoids have
been detected from these samples [12,13], but notably
Prostaglandin E2 (PGE2), which has been associated with
erosion of bone and cartilage in RA [14-17].

Although studies have investigated the fluid taken from
joints, most research has focused on the inflammatory
mediators within the synovial membrane, rather than
those released into the intra-articular space. One reason
for this is the technical difficulty of trying to assess
cytokine levels in such a viscous material as synovial fluid.
Several studies have assessed cytokine gene expression lev-
els in the synovial membrane, rather than the actual pro-
tein content, both in human clinical samples [18,19] and
in animal models of arthritis [20-22]. In addition, PGE
synthase, the enzyme responsible for the conversion of
cyclooxygenase-derived PGH2 to PGE2 has been detected
in synovial tissues of patients with RA [23].

The early time course of release of key mediators cannot
be determined using human synovial fluid samples, as
patients rarely report to the clinic until the disease has
progressed and is causing chronic pain and swelling [24].
Even then, repeated sampling from individuals is difficult,
and most patients are prescribed drugs, to improve their
symptoms and quality of life, which interfere with inflam-
matory regulatory processes and cytokine expression.

Therefore by using animal models of disease, the early
events of inflammation can be elucidated, and the effects
of drugs on inflammatory markers can be measured under
controlled conditions.

Rat adjuvant-induced unilateral arthritis is a well estab-
lished RA disease model. [25-27] and use of this model
has gone a long way in aiding the understanding of the
time-course of the pathology in clinical RA. The model
closely mimics the pathology of human RA, including his-
topathological changes, cell infiltration, hypersensitivity
and swelling of the affected joint [28-30]. Previous studies
in animal models of joint inflammation have investigated
the time course of cytokine protein or gene expression
using homogenates of whole rat joints or paws post mor-
tem [20-22,31-33]. A major limitation of these studies is
that such sampling always includes bone, synovial tissue,
synovial fluid and surrounding muscles and connective
tissue, which will not allow the origin of any analytes to
be determined. Others have surgically dissected and lav-
aged knee joints in order to collect the synovial fluid from
dead animals [34-36]. However, this does not allow for
acute repeated sampling from the same animal over a
period of up to a day to determine the affect of drugs on
the levels of inflammatory mediators, or the acute effect of
an inflammatory insult on inflammatory processes in the
synovial cavity, a significant benefit of the perfusion
method described here. A further study used an in vivo
microdialysis procedure to determine the levels of inflam-
matory mediators in the synovial fluid of rats with adju-
vant induced polyarthritis [37]. However, the apparatus
used for this had limitations, for example the molecular
weight cut-off of the microdialysis membrane was 50 kD,
and therefore potentially underestimated the levels of
IL1β in the joints. Furthermore, this limits the molecules
that could be assessed by this method, which is in contrast
to the present method, in which there is no limit to the
size of molecules collected. The perfusion technique
described in the present study also allows for the collec-
tion of cells from the joint space. As yet, no studies appear
to have been carried out by perfusing saline through the
intact joint space and collecting samples of cells and
mediators from intact anaesthetised animals. The primary
aim of this study was to develop a perfusion method to
sample only the synovial fluid. A secondary aim was to
study the effects of a joint insult on the intra-articular
cytokine concentrations and cell infiltrate levels associ-
ated with adjuvant-induced arthritis in the joint space
were also measured, as these are known key mediators in
human RA conditions.

2. Methods
Experiments were performed in accordance with Home
Office regulations and within UK animal welfare guide-
lines, and received Local Ethics Committee approval.
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Male Wistar rats (Charles River, UK; initial weight ranges
240–290 g) were used. Rats were housed four to a cage in
a 12-h light: dark environment and were given free access
to standard animal feed and water for the duration of the
study.

2.1 Arthritis induction
Briefly, rats (8) were transiently anaesthetised using 3%
halothane in oxygen. The left knee was injected with 150
µl of Freund's Complete Adjuvant (FCA; 1 mg ml-1 Myco-
bacterium tuberculosis, Sigma, UK; i.art). A further 3 rats
received a higher dose of FCA (500 µg), in order to assess
the effect of adjuvant dose on inflammatory cell recruit-
ment and mediator release into the joint space (100 µl; 5
mg ml-1 Mycobacterium tuberculosis, MAFF, UK; i.art).
Only 3 rats were used for this part of the study, as it was
designed as a pilot study to determine whether differences
in the number of inflammatory cells and mediators
present in the knee joint were evident between normal
animals and those injected with the two doses of adjuvant
using this new technique. The right joints were untreated.
Animals were then allowed to recover from the anaesthe-
sia.

2.2 Perfusion of joint space and analysis of samples
2.2.1. The perfusion needles
A needle perfusion system was constructed by binding a
25- and a 23-gauge needle together using epoxy putty,
with the bevels of the needles positioned on the outside
edges facing away from one another (see Figure 1). The
tips of the needles were set 1–1.5 mm apart.

2.2.2. Perfusion of knee joints
Rats were anaesthetised with urethane (ethyl carbamate;
0.6 ml 100 g-1 body weight; 25% w v-1 solution; single i.p.

injection). Once fully anaesthetised the animal was laid
on its back on an automated heating blanket (Harvard
Apparatus Limited, UK) and its core body temperature
maintained at 37°C via a thermistor probe positioned in
the rectum.

The limbs of the rat were flexed over a 20 ml glass vial,
with the patella facing directly upwards for insertion of
the perfusion needles, and the limb was secured in place
with tape. The 23-gauge needle was connected to a
Watson-Marlow roller pump via silicone rubber perfusion
tubing (internal diameter 1 mm, external diameter 4.2
mm, Watson Marlow, UK). Sterile saline was infused at a
constant rate of 100 µl min-1. After infusion of 100 µl of
vehicle (sterile saline), the outflow tubing was connected
to the 25-gauge needle, to minimise pressure build-up
within the joint space. Fluid was infused and withdrawn
at a constant rate until a 250 µl basal sample was collected
in a 1.5 ml centrifuge tube. Samples were immediately fro-
zen at -20°C.

2.2.3 Cytokine assay of joint samples
Luminex assay
Samples from the studies investigating the effects of
anaesthetic on joint cytokine levels (n = 10) and the dif-
ferences between normal (n = 10), high dose FCA-injected
(n = 3) and low dose FCA- injected joints (n = 8) were ana-
lysed using a multi-cytokine bead array detection system
capable of detecting rat IL1α, IL1β, IL2, IL4, IL6, IL10,
Interferon (IFN) γ, Granulocyte Macrophage-Colony
Stimulating Factor (GM-CSF) and TNFα, according to the
manufacturers instructions (Bio-Rad cytokine rat 9-plex,
Biorad, USA). Briefly, a monoclonal antibody directed
against the desired analyte was covalently coupled to dyed
5.5 µm polystyrene beads (2.5 × 106 beads ml-1 cytokine-

1). The conjugated beads were exposed to 50 µl of sample
or standard solutions containing a known amount of
cytokine, in a 96-well filter plate and incubated overnight
at 4°C, protected from light. After a series of washes and
vacuum filtration to remove unbound protein, a bioti-
nylated detection antibody specific for a different epitope
on the analyte was added to the reaction. After incubation,
the unbound antibody was removed; the reaction mixture
was detected by the addition of streptavidin-phycoeryth-
rin (streptavidin-PE), which binds to the biotinylated
detection antibodies. Following a further series of washes
and vacuum filtration, the beads were re-suspended in
200 µl 5% BSA in PBS; the plate was stored at 4°C in the
dark until analysis. The reaction mixture was read using a
Luminex Data Collector in a Luminex 100 flow cytometer
(Luminex, USA). The minimum detection limit of the
assay was 2 pg ml-1 for each mediator measured. Any val-
ues lower than these levels were classed as 0 for the pur-
poses of this study.

The perfusion needles and the perfusion system managing inflow and outflow from the knee joint spaceFigure 1
The perfusion needles and the perfusion system managing 
inflow and outflow from the knee joint space. A Watson-
Marlow pump controlled the rate of saline infusion and sam-
ple extraction (100 µl min-1) from the joint. After the knee 
was secured to prevent movement of the limb, needles were 
inserted into the knee joint through the patella tendon.
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Luminex data analysis
Excel data files were generated containing individual bead
numbers and the associated median fluorescence intensi-
ties. Standard curves were plotted to calculate the relative
amount of each cytokine in samples, using the aliquoted
serial dilutions of a positive control solution for calibra-
tion. Unknown sample cytokine concentrations were cal-
culated from the curve.

ELISA assay
The levels of TNFα and ILβ in samples from studies inves-
tigating the effects of the needles (n = 6), and leakage of
infusion from the joint cavity (n = 2) were measured using
commercially available ELISA kits that specifically recog-
nize the rat cytokines (BioSource International,
Camarillo, USA) according to the manufacturer's instruc-
tions. Briefly, 100 µl aliquots of sample were pipetted into
the wells of a microtiter plate pre-coated with an antibody
specific for rat IL-1β or TNFα and incubated for 3 h at
room temperature. After washing, a different biotinylated
anti-rat IL-1β or TNFα antibody was added and incubated
at ambient temperature for 1 h. Streptavidin-peroxidase
was added and incubated for 30 min. After a third incuba-
tion and washing to remove all unbound enzyme, colour
was developed by addition of stabilized chromogen
(tetramethylbenzidine), a stop solution added and the
intensity of the coloured product quantified spectropho-
tometrically at 450 nm. The minimum detection limit of
the assay was 2 pg ml-1.

2.3 Study design
2.3.1 Anaesthetic effects
In order to determine what effect anaesthetic agents had
on inflammatory mediators in joints, control experiments
were carried out. Firstly, five naive rats were anaesthetised
with urethane (ethyl carbamate; 0.6 ml 100 g-1 body
weight; 25% w v-1 solution; single i.p. injection), and five
further rats with sodium pentobarbital (1 ml kg-1 body
weight; 60 mg ml-1 solution; single i.p. injection main-
tained with i.v. 375 µl hr-1 20 mg ml-1 solution of pento-
barbital). No other procedures were carried out for 7
hours, at which point perfusion needles were inserted into
both knee joints and a 250 µl sample collected. The sam-
ple was frozen immediately at -20°C, and later assayed
using the Luminex assay.

2.3.2 Needle effects
In order to determine what effects inserting the perfusion
needles had on synovial cytokine concentrations, an
experiment was carried out in which six animals were
anaesthetised with urethane (as described above), and the
perfusion needles inserted into both knee joints and held
in position for 7 hours, at which time a 250 µl sample was
collected. The sample was frozen immediately at -20°C,
and later assayed using an ELISA.

2.3.3 Perfusion effects on the concentration of analyte
Two naïve rats were anaesthetised with urethane (as
described above) and a basal sample taken immediately.
Then 1000 pg recombinant rat IL1β (Bioclone, USA) in
100 µl was infused over 1 min. A second sample was
taken1 hour later; this was repeated hourly until 7 hours
post-IL1β infusion. The samples were frozen and later
assayed for IL1β content using an ELISA, to determine if
the sample contained the same amount of IL1β that was
initially infused.

2.3.4 Cytokine levels in normal and FCA-injected joints
Basal samples from ipsilateral and contralateral joints of
10 normal animals were compared with basal samples
from 8 rats which had received i.art low dose FCA (150
µg) and 3 that were injected with i.art high dose FCA (500
µg) 14 days earlier. Samples (250 µl) were collected and
frozen for later testing with the Luminex bead array.

2.3.5 Total cell counts
Joint perfusion samples were collected from ten naïve rat
knee joints, eight 150 µg FCA-injected ipsilateral and con-
tralateral joints and three 500 µg FCA-injected ipsilateral
and contralateral joints. Undiluted samples were viewed
by light microscopy in a haemocytometer. If red blood
cells were present, or a high number of inflammatory
cells, samples were diluted in saline, with added Zap-
poglobin, as per the manufacturer's instructions (1 drop
per 20 ml).

2.4 Data Analysis
Data were collected and analysed using Microsoft Excel
and Graphpad Prism software. Results are expressed as
mean ± standard error of the mean (SEM) where appropri-
ate.

Statistics
The Mann-Whitney U (non-parametric) test was used to
analyse differences between groups, which were not nor-
mally distributed, or in which the sample size was small.
To determine differences between the means of more than
two groups a non-parametric one-way analysis of variance
(Kruskal-Wallis) test was performed and a post-hoc test
(Dunn's) undertaken if the test was significant. In all cases
the null hypothesis was rejected at P < 0.05.

3. Results
3.1 Anaesthetic effects
Samples from naïve animals (n = 5) which received no
treatment during 7 hours of urethane anaesthesia, showed
a slight trend for increased levels of cytokines, but the
increases were not statistically significant for IL1α, IL1β,
IL2, IL4, IL6, IL10, GM-CSF, IFNγ, or TNFα compared
with samples taken from rats immediately after adminis-
tration of anaesthetic (n = 10; P > 0.05, Mann Whitney)
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see Table 1. However, in contrast, animals anaesthetised
with pentobarbital (n = 5), had significantly higher levels
of GM-CSF and TNFα (P < 0.05, Mann Whitney) after 7
hours, in comparison with naïve joints, see Table 1.

3. 2 Needle effects
Samples taken from knee joints in which the perfusion
needles had been in place for 7 hours while the animal
was anaesthetised with urethane (n = 6) showed increased
levels of TNFα, as measured by ELISA, but these were not
statistically significant from basal samples from the same
rats immediately after needle insertion (P > 0.05, Mann
Whitney). IL1β levels in two joints increased to approxi-
mately 40 pg ml-1 over this time period, see Figure 2.

3.3 Perfusion effects on the concentration of analyte
Two joint perfusions were carried out to determine if any
of the infused solution leaked from the joint space prior
to withdrawal of samples. Recombinant rat IL1β (1000
pg), a cytokine known to be detectable by ELISA, was
infused into the joint, along with saline, and samples were
collected hourly. In both cases the full amount (1000 pg)
administered was recovered in the first two samples. How-
ever, a greater amount of IL1β was recovered compared to
the initial dose administered; Table 2 shows the results.

3.4 Levels of cytokines in normal and FCA-injected joints
Fourteen days after rats received 150 µg or 500 µg FCA
i.art (n = 8 and 3 respectively), the ipsilateral joint con-
tained significantly higher levels of IL1α, IL1β, IL6 and
TNFα compared with samples from naïve joints (n = 10),
as measured by the Luminex assay (P < 0.05, Two-way
ANOVA; see Figure 3a). The contralateral joints of rats
injected with 500 µg FCA also contained significantly
higher levels of IL1α, IL1β, IL6 and TNFα (P < 0.05, Two-
way ANOVA; see Figure 3b).

3.5 Total cell counts
Total inflammatory cell counts from normal animals (n =
5) and those injected with FCA (n = 8) 14 days prior to
sampling are shown in Figure 4. Normal joints had no
cells detectable, whereas all others samples had measura-
ble levels. However, only the 500 µg FCA ipsilateral (n =
3) joints proved to have a significantly greater number of

cells than normal joints (4.8 ± 0.06 × 106 cells ml-1; P <
0.05, Mann Whitney). A dose-response relationship was
demonstrated by the total cell count in both ipsilateral
and contralateral joints.

4. Discussion
The main aim of this study was to develop a method for
sampling synovial fluid from the knee joint of anaesthe-
tized rats. The technique was firstly validated by assessing
whether any inflammatory response was evoked by the
experimental set up, including the anaesthetic or the nee-
dles themselves; the efficiency of the system was investi-
gated, i.e. whether any infused solution leaked from the
joint space prior to sample extraction. Once the above fac-
tors had been assessed, they were taken into consideration
when comparing samples from naïve and adjuvant-
injected inflamed joints. Finally, the novel perfusion tech-
nique was used to quantify inflammatory cell numbers
within the rat synovial cavity. This technique proved to be
reliable and consistent when perfusing the joint cavity,
and regular volumes of sample were easily collected.
There were no problems with measuring protein content
due to high sample viscosity, and this technique is there-
fore a valuable addition to protocols which use homoge-
nates of entire joints to assess inflammatory mediator
content.

Levels of (a) TNFα and (b) IL1β from joints immediately after needle insertion (basal), and 7 hours laterFigure 2
Levels of (a) TNFα and (b) IL1β from joints immediately after 
needle insertion (basal), and 7 hours later. Cytokines were 
assayed using an ELISA, and although there was an apparent 
increase in TNFα concentrations, to approximately 300 pg 
ml-1 in two samples, this was not statistically significant (P > 
0.05, Mann Whitney). The horizontal lines on the graphs rep-
resent the median values in each group.

Table 1: The effect of anaesthetic on basal levels of cytokines in the joint. 

IL1α IL1β IL2 IL4 IL6 IL10 GM-CSF IFNγ TNFα

Basal (n = 10)
Mean ± SEM

0.8 ± 0.5 1.0 ± 1.0 0.5 ± 0.5 0.2 ± 0.2 2.5 ± 2.5 1.5 ± 1.0 0 ± 0 0.1 ± 0.1 0.2 ± 0.2

Urethane (n = 5)
Mean ± SEM

2.6 ± 1.1 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 1.0 ± 0.6 0.3 ± 0.3 36.6 ± 20.9

Pentobarbital (n = 5)
Mean ± SEM

1.4 ± 0.7 0.2 ± 0.2 0.1 ± 0.1 0 ± 0 0 ± 0 6.2 ± 6.2 1.7 ± 0.4* 0.1 ± 0.1 44.2 ± 21.6*

Levels of nine cytokines in rats anaesthetised for 7 hours with either urethane or pentobarbital, in comparison with samples taken immediately after 
urethane anaesthesia (basal). Mann Whitney test were performed to determine differences between each anaesthetic and basal levels. Pentobarbital 
anaesthesia resulted in a significant elevation of GM-CSF and TNFα levels; statistical significance P < 0.05 indicated by *.
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It was established that the choice of anaesthetic may play
a role in initiating an inflammatory response within the
knee joints. Urethane, a hypnotic anaesthetic agent com-
monly used for laboratory animals, resulted in very little
change in any of the mediators measured over a 7 hour
period. In contrast, pentobarbital (pentobarbitone), a
short-acting anaesthetic which must be maintained by i.v
infusion, therefore requiring further surgical preparation
of the animal, induced increases in GM-CSF and TNFα
after continuous administration during the day, perhaps a
result of the surgery of the implanted cannulae. It was
therefore decided to use urethane for experiments, given
that it provides an extended period of anaesthesia with
minimal physiological changes [38], without the need for

invasive surgical preparation. Furthermore, pentobarbital
can cause respiratory depression in rats, whereas urethane
causes minimal cardiopulmonary disturbances [38,39].

Once it was established that urethane anaesthesia had no
adverse effects on the system, it was necessary to evaluate
any inflammatory component as a result of the perfusion
needles themselves, over a sustained time period of 7
hours. It was noted that a few rats developed increased
TNFα or IL1β levels as a result of the needles being main-
tained within the joint. However, the change occurred in
only 20% of animals, and was not significant; moreover,

The effects of 150 µg (low dose; n = 5) and 500 µg (high dose; n = 3) FCA on total cell count from joint perfusatesFigure 4
The effects of 150 µg (low dose; n = 5) and 500 µg (high 
dose; n = 3) FCA on total cell count from joint perfusates. 
Naïve joints contained no cells (0), whereas all other joints 
contained increased levels, although only high dose ipsilateral 
joints proved to have significantly raised levels (P < 0.05, 
Mann Whitney); statistical significance donated by *.

Table 2: Perfusion effects on the concentration of analyte. 

Animal 1 Animal 2

IL1β concentration (pg ml-1; 250 µl) Amount of IL1β (pg) IL1β concentration (pg ml-1; 250 µl) Amount of IL1β 
(pg)

1 hour 2000 500 2000 500
2 hour 2000 500 2000 500
3 hour 200 50 356 89
4 hour 544 136 216 54
5 hour 350 87.5 210 52.5
6 hour 458 114.5 200 50
7 hour 318 79.5

Total (pg) 1467.5 1245.5

IL1β concentrations in each 250 µl sample collected, up to 7 hours post-infusion of IL1β (1000 pg). The amount of IL1β protein in each sample was 
calculated and summed, to show that little or no leakage from the joint space occurred. In fact, more IL1β was present than was injected, in both 
cases as a result of de novo release of endogenous IL1β protein.

Levels of IL1α, IL1β, IL6, IL10 and TNFα in (a) ipsilateral and (b) contralateral joints of normal rats and those injected with low (150 µg; n = 8) and high (500 µg; n = 3) dose FCA 14 days earlierFigure 3
Levels of IL1α, IL1β, IL6, IL10 and TNFα in (a) ipsilateral and 
(b) contralateral joints of normal rats and those injected with 
low (150 µg; n = 8) and high (500 µg; n = 3) dose FCA 14 
days earlier. There were negligible levels of any of the media-
tors measure in naïve joints (n = 10), but a significant 
increase in the expression of IL1α, IL1β, IL6 and TNFα was 
seen in all ipsilateral inflamed joints and in contralateral joints 
of rats injected with the high dose FCA (P < 0.05, Two-way 
ANOVA; compared with normal joints); statistical signifi-
cance represented by *.
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the increases in the two mediators did not occur in the
same animals.

This study has demonstrated that very little, if any, solu-
tion infused into the joint is lost into the surrounding tis-
sue, and can be recovered in full through the effusion
tubes. This was confirmed by injection of Evans blue dye
into the joint cavity and later dissection of the tissue (data
not shown here). Furthermore, there was an increased
quantity of IL1β detected in the perfusate collected.
Although this study was not designed to show the effects
of the protein on the joint, the 1 ng dose of IL1β adminis-
tered resulted in de novo release of natural IL1β, as shown
by the fact that elevated levels of IL1 were detected, in
addition to the 1 ng dose.

Adjuvant-induced arthritis is a widely used model of
inflammatory joint disease, and will be the primary sub-
ject of future studies applying this novel perfusion
method. It was therefore important that samples collected
in this way could detect differences between cytokine lev-
els in naïve joints and FCA-treated joints. Levels of all
cytokines measured in this study (IL1α, IL1β, IL6, IL10
and TNFα) showed dramatic increases 14 days after an
initial inflammatory insult to the joint, including high
and low doses of FCA. Furthermore, the contralateral joint
of rats injected with the high dose of FCA also had higher
levels of all cytokines measured, illustrating the contralat-
eral effect also noted in the inflammatory cell count study.
Finally, this study investigated the total number of white
blood cells present in the joint washout samples. Not sur-
prisingly it was observed that FCA-injected joints con-
tained higher levels than normal rat knee joints, as
previously shown [40]. However, of particular interest are
the cell counts in contralateral, non-injected limbs. Con-
tralateral effects arising from a unilateral insult is a well
documented phenomenon. In general, contralateral
changes in behaviour, magnitude of biochemical fluctua-
tions or histopathological lesions are less than those
observed on the ipsilateral side (for review see [41]). Total
cell count data from this study are in agreement with this
finding, and although the lower dose of FCA used here
does not elicit behavioural signs of inflammation or
hypersensitivity in the contralateral joint, there is evi-
dence of infiltration of inflammatory cells.

5. Conclusion
In summary, we have demonstrated the use of a novel
method for sampling synovial fluid and washing out the
joint cavity to collect the "inflammatory soup", and have
performed assays to measure levels of cytokines during
adjuvant-induced arthritis. This method has the advan-
tage of enabling the contents of synovial fluid to be inves-
tigated alone, without the contamination of the
surrounding tissue. We have also revealed its value in

measuring cellular components of inflammation. In con-
clusion, as this new method of joint perfusion uses anaes-
thetised animals, acute effects of anti-inflammatory drugs
or novel compounds could be investigated, thus improv-
ing the knowledge of how novel drug targets are affecting
the inflammatory process.
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