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Abstract
Objective

There is controversy about the effects of cyclooxygenase-2 (COX-2) on adhesion molecules and the micro-
vasculature in inflamed tissue. Thus, the aim of this study was to assess COX-2-expression in Antigen-

induced Arthritis (AiA) and to investigate the effects of selective COX-2 inhibition by Celecoxib (4-[5-(4-
methylphenyl)-3-(trifluoromethyl)-1H-pyrazol-1-yl] benzenesulfonamide) (CXB), on synovial microcircu-

lation and adhesion molecule expression in arthritic as well as healthy mice. 

Methods
Balb/c mice were allocated to 4 groups; 2 control groups with saline or CXB and 2 groups with AiA which

also received saline or CXB (30 mg/kg BW in 0.3 ml solution). The severity of arthritis was assessed by
changes in the transverse joint diameter. On day 14 after AiA-induction, the patella tendon of the left knee

joint was microsurgically resected and intravital fluorescence microscopy on synovial tissue was 
performed. Finally, the knee joint was removed for histology and immunohistochmistry. 

Results 
COX-2-expression in the inflamed synovium was demonstrated by immunohistochemistry. Application of
Celecoxib resulted in a significant reduction in the rolling leukocyte fraction as well as in the number of
leukocytes adherent to the endothelium (0.25 ± 0.1 and 96 ± 34 cells/mm2 respectively) in comparison to

the untreated animals with AiA (0.44 ± 0.03 and 206 ± 22 cells/mm2 respectively). Additionally, CXB-
treated arthritic animals showed significantly less knee joint swelling and reduced adhesion molecule

expression.

Conclusion
In the present study, COX-2 expression in the synovial tissue of mice with AiA could be demonstrated.
Selective COX-2 inhibition with CXB resulted in reduced leucocyte-endothelial cell interactions and

decreased adhesion molecule expression. Evidence for a protective role of COX-2 in mouse AiA was not
found.
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Introduction
Non steroidal anti-inflammatory drugs
(NSAIDs) exert their effects by block-
ing of prostaglandin synthesis due to
inhibition of the enzyme cyclooxyge-
nase (COX) (1). COX consists of two
isoenzymes, COX-1 and COX-2 (2).
Selective COX-2 inhibitors, such as
Celecoxib (CXB) (4-[5-(4-methylphe-
n y l ) - 3 - ( t r i f l u o r o m e t h y l ) - 1 H - p y r a z o l - 1 -
yl] benzenesulfonamide), show equiva-
lent analgesic and anti-inflammatory
efficacy compared to classic NSAIDs
combined with the advantage of fewer
gastrointestinal side effects (3). There-
fore, selective COX-2 inhibitors are
widely used in the treatment of human
osteoarthritis and rheumatoid arthritis
(RA) (4). However, the initial hypothe-
sis that the anti-inflammatory effects of
NSAIDs result from COX-2 inhibition
and that their side effects are due to the
blockade of COX-1 turned out to be not
entirely sufficient. COX-2 activity, for
example, is known to play a key role in
preserving gastric mucosal integrity (5)
and therefore exerts protective func-
tions as well.
A potential mechanism for the anti-in-
flammatory actions of selective COX-
2-inhibitors may be the downregulation
of adhesion molecule expression (6).
Adhesion molecules are known to me-
diate leukocyte-endothelial cell inter-
actions and, thereby, the influx of im-
mune competent cells into the inflamed
tissue (7). However, recent studies pro-
vided evidence of tissue specific differ-
ences in COX-2 regarding its role in
adhesion molecule regulation. Cuzzo-
crea et al. reported a substantial reduc-
tion of ICAM-1 in the mesenteric mi-
crovasculature of rats with colitis after
systemic COX-2 inhibition (6). In con-
trast, Bishop-Bailey et al. demonstrat-
ed the upregulation of adhesion mole-
cule expression on smooth muscle cells
by COX-2 inhibition in vitro (8). 
COX-2 expression has previously been
demonstrated in the synovial tissue of
RA patients (9). However, COX-2 ef-
fects on synovial microvasculature and
adhesion molecule expression in arthri-
tis have not been determined yet. 
The aim of this study was to investigate
the expression of COX-2 in mouse AiA
and to analyze the effects of selective

COX-2 inhibition by Celecoxib on the
synovial microcirculation using intrav-
ital microscopy as described previously
(10), and on adhesion molecule expres-
sion. The data obtained were correlated
with clinical and histological findings.

Methods
Animals
36 female inbred Balb/c mice (Charles
River Wiga, Sulzbach, Germany) weigh-
ing 18-22 g were used. The animals
were kept in an air-conditioned envi-
ronment with 12h light/dark cycles,
housed in single cages and fed labora-
tory chow (Ssniff, Soest, Germany) and
water ad libitum. Before starting the
experiment, they were randomly as-
signed to the following groups: control
with saline (n = 8), control with Cele-
coxib (n = 7), AiAwith saline (n = 7) or
AiA with Celecoxib (n = 8). The num-
bers given represent the number finally
included after the exclusion of animals
which experienced complications dur-
ing the surgical preparation. All experi-
ments were carried out according to
German law regarding animal protec-
tion guidelines.

Antigen-induced arthritis
Arthritis was induced in mice using the
protocol of Brackertz et al. (11). On
days -21 and -14, mice were first im-
munized with a subcutaneous injection
of 100 µg of methylated bovine serum
albumin (mBSA) (Sigma, Deisen-
hofen, Germany) dissolved in 50 µL of
saline. The mixture was supplemented
with 50 µl complete Freund’s adjuvant
(CFA) (Sigma) and 2 mg/ml of heat-
killed Mycobacterium tuberc u l o s i s
strain H37RA (Difco, Augsburg, Ger-
many). In accordance with the proto-
col, we gave additional intraperitoneal
injections of 2 x 109 heat-killed Borde -
tella pertussis (Institute of Microbiolo-
gy, Berlin, Germany) on days -21 and
–14. Finally, arthritis was induced on
day 0 by injecting of 100 µg of mBSA
dissolved in 50 µL saline into the left
knee joint. Control groups underwent
the same procedure, but received equi-
valent volumes of saline only. The sev-
erity of antigen-induced arthritis was
determined by means of the clinical
and histological score described below.
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Celecoxib administration
Celecoxib was generously provided by
Pfizer GmbH (Karlsruhe, Germany).
Stored at room temperature, the sub-
stance was diluted in sterile phosphate
buffered saline solution (PBS) at a con-
centration of 2 g/ml for intragastral ap-
plication, starting on day +7. 0.3ml of
this solution (0.6 g; 30 mg/kg BW)
were administered by gavage twice
daily until the intravital microscopic
measurements were performed on day
+14. Control animals received equiva-
lent volumes of vehicle (PBS).

Clinical assessment 
Joint swelling was determined by mea-
suring the transverse diameter of the
knee joint using a caliper in units of
0.01 mm. 

Surgical preparation
Intravital fluorescence microscopy was
performed on the synovial microcircu-
lation of the mouse knee joint. This mo-
del permits the intravital study of micro-
hemodynamic parameters, including the
segmented vessel diameter and red cell
velocity in the microvascular network
of the synovial microcirculation consist-
ing of arterioles, capillaries, and post-
capillary venules and quantitative as-
sessment of the functional capillary
density and leukocyte-endothelial cell
interactions (12).
For the surgical preparation, anesthesia
was induced by inhalation of isoflurane
1.2% and a combination of O2/ N2O .
For substance administration a catheter
was placed into the tail vein. The mean
arterial blood pressure was determined
with an arterial catheter inserted into
the tail artery and connected to a pres-
sure transducer. 
The microsurgical procedure was per-
formed as described previously (12).
Animals were kept on a heating pad to
stabilize the body temperature, which
was controlled by a rectal probe. The
left hind limb was placed on a stage
with the knee slightly flexed. Immobi-
lization of the extremity was secured
by fixation with silicon. Using a 1 cm
incision the patellar tendon was care-
fully mobilized and partly resected.
Then the intraarticular synovial tissue
of the knee joint could be visualized.

After superfusion with 2 ml of sterile
saline, a coverslip was placed on the
knee capsule and the intravital micro-
scope was directed onto the synovium
(12). 
Special care was taken to avoid any
constraints on the preparation. The ani-
mals were killed with 10 mg of pento-
barbital intravenously after the end of
the intravital microscopic observations.

Experimental protocol
The microscopic set-up has been des-
cribed in detail elsewhere (13). A 20-
fold water immersion objective was
used to select 2-4 regions of interest in
each animal. These 4 regions contained
postcapillary venules and capillary are-
as for the measurement of the Func-
tional Capillary Density (FCD) and
vessel diameter. To measure the leuko-
cyte-endothelial cell interactions, the
fluorescent marker rhodamine 6G (Sig-
ma) was injected intravenously in a
single bolus of 0.15 mg/kg immediate-
ly before the measurement. Rhodamine
epi-illumination was achieved with a
150 Watt variable HBO mercury lamp
in conjunction with a Zeiss filter set 15
[band pass (BP) 546/12, Farbteiler (FT)
580, long pass (LP) 590]. The FITC
measurements were made using a vari-
able 12 V, 100 W halogen light source
and the Zeiss filter set 09 (BP 450-490,
FT 510, LP 520, Zeiss). Measurements
of vessel diameter, venular RBC veloc-
ity and FCD were made after a bolus
injection of the in vivo fluorescent plas-
ma marker FITC-dextran (mol mass
150 kDa; 15 mg/kg body wt i.v.) (Sig-
ma). The microscopic images were
captured with a CLD camera and re-
corded on S-VHS videotape using both
filter blocks consecutively. Data analy-
sis was performed off-line using a com-
p u t e r-assisted microcirculation analy-
sis system (14).

Microcirculatory parameters
From video images after rhodamine-
staining, the leukocyte endothelial cell
interactions were quantified. Leuko-
cytes interacting with the endothelium
were classified as rolling or adherent
cells. Rolling leukocytes were defined
as cells that intermittently interact with
the endothelial surface and pass through

the vessel visibly slower than red blood
cells in the centerline stream. To ac-
count for vessels of various diameters,
flows and leukocyte fluxes, rolling leu-
kocytes were divided by the total num-
ber of leukocytes passing through a
plane on the vessel segment during the
30-second observation time (calculated
as rolling cells/rolling + non-adherent
cells to be independent from the total
systemic leukocyte count). A d h e r e n t
leukocytes are defined as those leuko-
cytes that remain attached to the same
location on the endothelial surface for
the entire observation period of 30 sec-
onds (expressed as cells/mm2). T h e
endothelial cell surface was calculated
from the diameter and length. We de-
termined the vessel diameter, RBC vel-
ocity and FCD from the video images
obtained with FITC staining. RBC cen-
terline velocity in postcapillary venules
was assessed with Cap-Image and ex-
pressed as mm/second (14). FCD is de-
fined as the length of RBC-perfused
capillaries in the observation area (ex-
pressed as cm/cm2).

Histology
After the animal was sacrificed, the
knee joint was removed. After fixation
in paraformaldehyde 8% at pH 7.2 over
12 hours, the joints were incubated in
20% EDTAat pH 7.2 for 3 days at room
temperature to decalcify the bone. Sam-
ples were washed with phosphate buff e r
saline (PBS) and dehydrated with an
automatic dehydrator. After embedding
in paraffin, the joint was sliced into 3
µm thick sections that were stained with
hematoxylin and eosin.
To evaluate the severity of the arthritis
and leukocyte infiltration, we used the
histological score introduced by Brack-
ertz et al. (11): 0 = normal knee joint, 1
= normal synovium with occasional
mononuclear cells, 2=two or more syn-
ovial lining cells and perivascular infil-
trates of leukocytes, 3 = marked hyper-
plasia of synovium and dense infiltra-
tion of leucocytes (not only perivascu-
lar), 4 = synovitis, pannus formation,
and cartilage/subchondral bone ero-
sions. In each animal, two cuts were
made, and in each section the number
of infiltrated leukocytes was counted in
5 fields.
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Immunohistochemistry
The E-selectin staining was performed
according to the following protocol.
The frozen sections of the synovium
were fixed in acetone for 15 min and
washed with PBS. To block the produc-
tion of endogenous peroxidase, sec-
tions were quenched with 0.5% H2O2

methanol solution for 10 min. A f t e r
washing with PBS, sections were incu-
bated in goat serum 1.5% for 20 min to
block any unspecific binding. 
Afterwards, sections were incubated
with a monoclonal rat anti-mouse CD-
62E antibody 10E 6.9 directed against
E-selectin (PharMingen, Hamburg ,
Germany) at a 1:100 dilution in PBS
for 60 min. After washing, the sections
were incubated with a biotinylated
anti-rat IgG-antibody (Vectastatin, Vec-
tor Laboratories, Los Angeles, CA,
USA) with mouse serum 5% for 30
min. Slides were rinsed with PBS and
incubated with an avidin-biotin com-
plex (Vectastatin) for 30 min. Follow-
ing incubation with 3-amino-9-ethyl-
carbazol 0.01% as a substrate, sections
were counterstained with haemalaun
(Merck, Darmstadt, Germany), hydrat-
ed, and coverslipped. All incubations
were performed at 24ºC in a humidity
chamber, and all washes lasted for 10
min each. Each tissue block was
stained with and without the primary
antibody to monitor background stain-
ing.
The procedure for P-selectin staining
by immunohistochemistry was identi-
cal to the above-described protocol,
except using a polyclonal rabbit anti-
mouse CD62P antibody (PharMingen)
in place of the E-selectin antibody at a
1:200 dilution in PBS and a biotinylat-
ed anti-rabbit IgG-antibody (Ve c t a s-
tain) with rabbit serum 1.5%.
COX-2 was detected using the same
protocol, but different antibodies: a
monoclonal anti-mouse Ab as the pri-
mary antibody (Santa Cruz Biotechnol-
o g y, Santa Cruz, CA, USA) and a
biotinylated anti-goat IgG-Ab as the
secondary antibody were used.
For ICAM-1 and VCAM-1 staining, a
similar procedure was performed with
the following changes. Usage of either
a biotinylated monoclonal rat anti-
mouse CD54 antibody (PharMingen) at

a 1:100 dilution in PBS for ICAM-1 or
a rat anti-mouse CD106 antibody
(PharMingen) for VCAM-1 detection.
Adhesion molecule expression was
assessed semiquantitatively by a blind-
ed observer, who examined 3 tissue
sections each (2 observation fields per
section) from 3 individual animals, and
scored the findings as follows: o = no
staining, + = weak staining, and ++ =
strong staining. 

Statistical analysis
Data are expressed as the mean ± SEM.
The histologic score is given as the
median. For differences within the
groups, we used the Kruskal-Wa l l i s
analysis followed by an all pairwise
multiple comparison procedure. P val-
ues less than 0.05 were considered sig-
nificant.

Results
M i c ro c i rculation and clinical analysis
The mean arterial blood pressure did
not change in any of the 4 groups dur-
ing the entire course of the experiments
(TableI). Furthermore, the venular di-
ameters were similar in all of the
groups (Table I). CXB itself did not
influence the leukocyte-endothelial cell
interaction in healthy controls (Figs. 1
and 2). We found no significant chan-
ges in venular RBC velocity, compared
to the control values and the values of
the AiA group treated with Celecoxib
(Table I). Regarding arthritic animals,
the rolling fraction (Fig.1) and the
number of leukocytes adherent to the
endothelium (Fig.2) were significantly
higher than in the control groups (Fig.
3). Drug application reduced signifi-
cantly both leukocyte rolling and leu-
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Table I. Macro- and microhemodynamic parameters and clinical analysis of mice from four
experimental groups.

Parameter Control Control + CXB AiA AiA+ CXB
(n 8) (n 7) (n 7) (n 8)

MAP(mmHg) 83 (3) 84 (3) 81 (5) 83 (2)
Venular diameter (µm) 25 (2) 22 (3) 24 (1) 23 (3)
RBC velocity (mm/s) 0.79 (0.12) 0.85 (0.14) 0.75 (0.18)  0.78 (0.09)
FCD (cm/cm2) 259 (18) 261 (29) 283 (12) 279 (18)
∆ Diameter LKJ (mm) 0.07 (0.01) 0.08 (0.02) 0.49 (0.07)a 0.14 (0.05)b

MAP: mean arterial pressure; RBC: red blood cell; FCD: functional capillary density; AiA: Antigen-
induced Arthritis: CXB: Celecoxib; ∆ Diameter LKJ: change in left knee joint diameter given as an
increase (mm); data are given as the mean (SEM). ap < 0.05 vs control, bp < 0.05 vs. AiA.

Fig. 1. Assessment of the fraction of rolling leukocytes using Rhodamine-staining and video
microscopy. Calculation: rolling leukocytes/(rolling+non-adherent leukocytes). Ctl: Control; CXB:
Celecoxib; AiA: Antigen-induced Arthritis. Data are given as mean ± SEM. *p < 0.05 vs control, #p <
0.05 vs AiA.
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kocyte adherence to levels similar to
those in healthy controls (Fig. 2). 
FCD was slightly enhanced in both ar-
thritic groups compared to controls.
Celecoxib did not influence FCD either
in AiA-mice or in healthy controls (Ta-
ble I). 
The clinical assessment revealed a sig-
nificantly increased knee joint diameter
(KJD) in the A i A group compared to
controls, which was significantly dimin-
ished in CXB-treated arthritic animals. 

Histology
We found dense infiltration of leuko-
cytes in the synovium and synovial hy-
perplasia in the group with AiA. CXB
reduced the extravasation of leukocytes
in the synovium (only moderate infil-
tration and synovial lining cell prolifer-
ation was seen) compared to the AiA
group. The difference in the quantified
count of histological cuts was signifi-
cant (Table II).

Immunohistochemistry
Immunohistochemistry revealed the
strong expression of COX-2 in the syn-
ovial tissue of animals with AiA, while
no expression could be detected in the
sections of control animals (Fig. 4).
ICAM-1 was strongly expressed in
AiA, while expression was weak in
controls. VCAM-1, E-selectin and P-
selectin were expressed in AiA, but not

in the synovia of healthy mice. Treat-
ment with CXB decreased the staining
of all of these molecules, to an extent
comparable to that in healthy controls
(Table III). 

Discussion
The effects of COX-2 on adhesion mol-
ecule expression and therefore on leu-
kocyte migration to inflamed tissue
have been discussed and remain con-
troversial. While selective COX-2-in-
hibition led to the upregulation of inte-
grins in smooth muscle cells (8) and to

the enhancement of leukocyte adhesion
in mesenteric venules (15), other auth-
ors report less extravasation of leuko-
cytes and, moreover, a decreased ex-
pression of selectins as well as of im-
munoglobulin-like proteins in mesen-
terial postcapillary venules (6). 
The recruitment of leukocyte subsets to
inflamed tissue is known to be a crucial
factor in the pathogenesis of RA, but
there are currently no data available re-
garding the effects of selective COX-2
inhibition on synovial leukocyte-en-
dothelial cell interactions in an arthritis

Fig. 2. Assessment of leukocytes adherent to the endothelium using Rhodamine-staining and video
microscopy (expressed as cells/mm2). Ctl: control; CXB: Celecoxib; AiA: Antigen-induced Arthritis.
Data are given as mean ± SEM. *p < 0.05 vs control, # p < 0.05 vs AiA.

Fig. 3. Intravital microscopical view of postcapillary venules after staining of leukocytes with rhodamine 6G: (a) AiA: A large number of leukocytes can be
seen (b) CTL: leukocytes can only occasionally be seen (magnification x432)
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model. 
In this study, the model of antigen-
induced arthritis originally described
by Brackertz et al. (11) was used. It is a
well accepted animal model for the stu-
dy of human rheumatoid arthritis. Arth-
ritic knee joints presented significant
swelling during the entire observation
period. The severity of arthritis was
shown by the high histological score,
leukocyte infiltration and pannus for-
mation. Furthermore, using immuno-
histochemistry our investigation dem-
onstrated that there is strong expression
of the isoenzyme COX-2 in the syn-
ovial tissue of arthritic animals, in con-
trast to the tissue of healthy controls. 
The present model – the intravital mi-
croscopy of synovial tissue (12) – pre-
serves a stable preparation for at least

60 minutes. In accordance with this,
the microhaemodynamic parameters
assessed in the present investigation
were found to be unchanged through-
out the study period in controls as well
as in the A i A groups without inter-
group differences. Thus, differences in
leukocyte rolling and adherence be-
tween the groups have to be mediated
by changes in leukocytes or endothelial
cells which affect the adhesive forces
between the two (16). Arthritic animals
showed a significantly increased frac-
tion of rolling leukocytes in the post-
capillary venules. The numbers of ad-
herent cells as well as of subsequently
extravasated leukocytes were signifi-
cantly increased. There was strong
staining of ICAM-1, VCAM-1, P-
selectin and E-selectin in the vascular

endothelium. 
Systemic treatment with CXB led to a
significant reduction of the fraction of
rolling leukocytes, and the number of
adherent as well as extravasated cells.
We found less staining of ICAM-1,
VCAM-1-, P-selectin and E-selectin in
the immunohistochemical sections. It is
likely that selective COX-2-inhibition
leads to a downregulation of certain
selectins and immunoglobulin-like pro-
teins in synovial tissue, even though
the exact mechanisms underlying these
effects remain unclear. Proinflammato-
ry cytokines such as TNF-α and IL-1
lead to stimulation of the nuclear factor
κB (NF-κB), i.e. in endothelial cells,
followed by an upregulation of ICAM-
1, VCAM-1, P-selectin and E-selectin
( 7 ,1 7 , 18). These cytokines are also
known to regulate COX-2 expression
(19). Furthermore, reactive oxygen spe-
cies (ROS) might be involved in this
process since ROS have been shown to
play an active role in arthritic inflam-
mation (20). Released in the presence
of cytokines such as TNF-α, ROS are
believed to induce the activation of
NF-κB, and thus the upregulation of
adhesion molecules such as ICAM-1,
VCAM-1, E-selectin (18) and P-selec-
tin (7). Recently Nakamura et al. (21)
reported antioxidant effects of CXB in
v i v o. Thus, it can be suggested that
these antioxidant effects might inhibit

Table II. Histological score (median) and number of extravasating leukocytes.

Groups Histological score Extravasated leukocytes

Controls, n = 8 0 12 (3)

Control + CXB, n = 7 0 15 (5)

AiA, n = 7 3 (1) 102 (14)a

AiA+ CXB, n = 8 2 (1) 43 (9)b

Histological score (11): 0 = normal knee joint; 1 = normal synovium with occasional mononuclear
cells; 2 = two or more synovial cells and perivascular infiltrates of leukocytes; 3 = marked hyperplasia
of synovium and dense infiltration of leukocytes (not only perivascular); 4 = synovitis, pannus forma-
tion, and cartilage/subchondral bone erosions. Data are given as the median. 
Extravasated leukocytes: data are given as the mean (SEM).
CXB: Celecoxib; AiA: Antigen-induced Arthritis. 
ap < 0.05 vs control , bp < 0.05 vs AiA.

Fig. 4. Immunohistochemistry/COX-2 staining of synovial tissue from the mouse knee joint: (a) AiAvs. ( b) CTL(magnification x160).



cytokine-enhanced ROS generation
and, therefore, adhesion molecule ex-
pression.
In the healthy controls CXB treatment
did not lead to significant changes in
leukocyte-endothelial cell interaction.
Furthermore, there was no significant
difference between controls and con-
trols with CXB treatment regarding
any of the paramenters assessed, inclu-
ding FCD, histology, extravasated cells
or knee joint swelling. Consequently,
there is no evidence that CXB itself
leads to an activation in the synovial
microvasculature. There was weak
staining for constitutively expressed
ICAM-1, but no staining for either
VCAM-1 and P-selectin or for E-selec-
tin in controls. This pattern did not
change markedly in the controls with
CXB treatment.
Bishop-Bailey et al . report an upregu-
lation of ICAM-1 in human vascular
smooth muscle cells after stimulation
by IL-1β [8]. However, COX-2 inhibi-
tion by another selective COX-2 inhi-
bitor, L-745,337, revealed a significant
increase of ICAM-1 expression com-
pared to IL-1β stimulated controls.
Bishop-Bailey et al. found the same
effect for VCAM-1 stimulated by IL-
1β and IL-4, and inhibition with L-745,
337. Besides the different tissues and
species, the different COX-2 inhibitors
might give an explanation for these
contrasting results. It has been propos-
ed that the antioxidant properties of
CXB contribute to the inhibition of ad-
hesion molecule expression and there
is evidence that not all COX-2 inhibi-
tors exhibit antioxidant properties (21).

Furthermore, Muscara et al. (15) used
superfusion for drug administration,
whereas CXB was applied orally in our
study which corresponds to the clinical
mode of application. Using CXB-
superfusion Muscara et al. (15) found a
significantly increased number of ad-
herent leukocytes in rat mesenteric
venules. In contrast, Cuzzocrea et al.
(6) reported reduced adhesion mole-
cule expression in the rat mesenteric
microvasculature after oral CXB ad-
ministration. 
In the present study, swelling of the
mouse knee joint was significantly
decreased in the AiAgroup treated with
CXB, which is consistent with the data
obtained from intravital microscopy.
This is in accordance with the results in
the treatment of human RA using CXB
(22). PGE2 generated by COX-2 ampli-
fies vascular permeability changes in-
duced by complement fragments, hista-
mine and leukotrienes. It is obvious
that CXB helps to keep the endothelial
barrier intact, resulting in decreased
swelling and less leukocyte infiltration
of inflamed tissue (23). Furthermore,
Anderson et al. (24) report that selec-
tive inhibition of COX-2 reverses in-
flammation in rat adjuvant arthritis.
Thus, suppression of COX-2 derived
prostaglandins prevents mediation
from a variety of proinflammatory ef-
fects, including enhancement of local
plasma, cellular exsudation and upreg-
ulation of IL-6 and COX-2 itself in this
animal model of arthritis (24). Ochi et
a l. (25) clearly demonstrated that
COX-2, but not COX-1 contributes to
inflammation in a mouse Collagen In-

duced Arthritis (CIA) model. They re-
ported that there is a strong correlation
between COX-2 mediated PGE2- and
T B X2-formation and paw edema as
well as histological lesions in mouse
CIA(25).
In conclusion, our study provides evi-
dence for COX-2 expression in the sy-
novial tissue of mice with antigen-in-
duced arthritis. CXB treatment of arth-
ritic animals was associated with a de-
creased leukocyte-endothelial cell in-
teraction and decreased adhesion mole-
cule expression. We propose that CXB,
probably due to its antioxidant proper-
ties, decreases the inflammatory reac-
tion in acute arthritis. CXB itself did
not enhance leukocyte-endothelial cell
interaction in healthy animals. T h e r e
were no signs of a protective role of
COX-2 in arthritis in the present inves-
tigation.
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Table III. Expression of adhesion molecules in mouse knee joint synovial tissue*.
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