
Ž .European Journal of Pharmacology 325 1997 221–227

Dual effects of auranofin on prostaglandin E production by rat2

peritoneal macrophages

Masamichi Yamashita a, Hisae Niki a, Masateru Yamada a, Masako Watanabe-Kobayashi a,
Suetsugu Mue b, Kazuo Ohuchi a,)

a Department of Pathophysiological Biochemistry, Faculty of Pharmaceutical Sciences, Tohoku UniÕersity, Aoba Aramaki, Aoba-ku, Sendai,
Miyagi 980-77, Japan

b Department of Health and Welfare Science, Faculty of Physical Education, Sendai College, Funaoka, Shibata, Miyagi 989-16, Japan

Received 21 November 1996; revised 4 February 1997; accepted 11 February 1997

Abstract

Ž .Incubation of rat peritoneal macrophages in medium containing various concentrations of auranofin 1, 3 and 10 mM increased
w3 xprostaglandin E production at 4 h in a concentration-dependent manner, in accordance with the increase in the release of H arachidonic2

acid from membrane phospholipids. However, at 20 h, no stimulation of prostaglandin E production by auranofin was observed. When2
Ž .the peritoneal macrophages were incubated in the presence of 12-O-tetradecanoylphorbol 13-acetate TPA , thapsigargin or A23187,

prostaglandin E production at 4 and 20 h was enhanced. The stimulator-induced prostaglandin E production at 20 h was suppressed by2 2

10 mM of auranofin. Western blot analysis demonstrated that auranofin inhibited the induction of cyclooxygenase 2 by TPA, thapsigargin
or A23187 at 4 and 20 h. The level of cyclooxygenase 1 did not change by treatment with these stimulators in the presence or absence of
auranofin. These findings suggest that auranofin has dual effects on prostaglandin E production: without stimulation, auranofin increases2

prostaglandin E production at 4 h due to the increased release of arachidonic acid which is converted to prostaglandin E mainly by2 2

cyclooxygenase 1, but inhibits the stimulator-induced late-phase prostaglandin E production by inhibiting the induction of cyclooxy-2

genase 2. q 1997 Elsevier Science B.V.
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1. Introduction

ŽAuranofin 2,3,4,6-tetra-O-acetyl-1-thio-b-D-gluco-
. Ž .pyranosato-S triethylphosphine gold, an orally active

chrysotherapeutic agent, is used for the treatment of in-
flammatory joint diseases such as rheumatoid arthritis
Ž .Ward et al., 1983; Wenger et al., 1983 and psoriatic

Ž .arthritis Carette et al., 1989 . It inhibits lysosomal enzyme
Žrelease DiMartino and Waltz, 1977; Finkelstein et al.,

. Ž1977 , chemotaxis Scheinberg et al., 1982; Hafstrom et
. Ž .al., 1983 , phagocytosis Hafstrom et al., 1983 and super-

Ž .oxide generation Davis et al., 1983 in leukocytes. As to
the effect of auranofin on the production of arachidonate

Ž .metabolites, Parente et al. 1986 reported that auranofin
enhances production of leukotriene B and C but does not4 4

affect prostaglandin E production in human peripheral2

) Ž . Ž .Corresponding author. Tel.: 81-22 217-6860; Fax: 81-22 217-6859.

polymorphonuclear leukocytes stimulated with formyl-
methionyl-leucyl-phenylalanine. However, Honda et al.
Ž . Ž .1987 and Elmgreen et al. 1989 reported that auranofin
inhibits leukotriene B production in human peripheral4

polymorphonuclear leukocytes stimulated with A23187. In
rat alveolar macrophages, auranofin stimulates arachidonic
acid release and production of prostaglandin E and2

Ž .thromboxane A Peters-Golden and Shelly, 1988 , and2
Žinhibits 5-lipoxygenase metabolism Peters-Golden and

. Ž .Shelly, 1989 . In contrast, Lewis et al. 1984 reported that
auranofin inhibits the zymosan-induced prostaglandin E2

production by peritoneal macrophages in collagen arthritic
rats. Therefore, the effects of auranofin on arachidonate
metabolism are conflicting. In the present investigation, we
examined the effects of auranofin on prostaglandin E2

production in rat peritoneal macrophages under several
incubation conditions to analyze the mechanism of action
of auranofin.
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2. Materials and methods

2.1. Preparation of rat peritoneal macrophages

Ž .A solution of soluble starch Wako, Osaka, Japan and
Ž .bacto peptone Difco, Detroit, MI, USA , 5% each, was

injected intraperitoneally into male Sprague-Dawley rats
Ž300–350 g, specific pathogen-free, Charles River Japan,

.Kanagawa, Japan at a dose of 5 ml per 100 g body
weight. Four days later, the rats were killed by cutting the
carotid artery under diethylether anesthesia and peritoneal

Ž .cells were harvested Ohuchi et al., 1985 . The animal
experiments were done in accordance with the procedure
approved by the Animal Ethics Committee of the Faculty
of Pharmaceutical Sciences, Tohoku University, Japan.

2.2. Macrophage culture

The peritoneal cells were suspended in Eagle’s minimal
Ž .essential medium EMEM, Nissui, Tokyo, Japan contain-

Žing 10% calf serum Flow Laboratories, North Rydge,
. Ž .Australia , penicillin G potassium 18 mgrml and strepto-

Ž . Ž .mycin sulphate 50 mgrml Meiji Seika, Tokyo, Japan ,
then seeded at a density of 6=106 cells per plastic tissue

Žculture dish 50 mm in diameter, Corning Glass Works,
.Corning, NY, USA in 4 ml of medium, and incubated for

2 h at 378C. The dishes were then washed three times with
medium to remove non-adherent cells, and the adherent
cells were further incubated for 20 h. After three washes,
the adherent cells were used for the following experiments.
More than 95% of the adherent cells were identified as

Ž .macrophages Ohuchi et al., 1981 .

2.3. Incubation of macrophages with drugs

The adherent cells were incubated for 4 or 20 h at 378C
in 4 ml of medium containing 10% calf serum and various

Ž .concentrations of auranofin Sigma, St. Louis, MO, USA
in the presence or absence of drugs. The drugs used were
the protein kinase C activator, 12-O-tetradecanoylphorbol

Ž . Ž .13-acetate TPA Nishizuka, 1992 , the endomembrane
2q ŽCa -ATPase inhibitor, thapsigargin Thastrup et al., 1987;

. 2qOhuchi et al., 1988; Watanabe et al., 1995 , and the Ca
Ž .ionophore, A23187 Sigma . The drugs were dissolved in

ethanol and added to the medium. The final concentration
Ž .of ethanol was adjusted to 0.1% vrv . The control medium

contained the same amount of ethanol.

2.4. Measurement of prostaglandin E concentrations2

4 or 20 h after incubation, the conditioned medium was
obtained, centrifuged at 1500=g and 48C for 5 min, and
prostaglandin E concentrations in the supernatant fraction2

Ž .were radioimmunoassayed Ohuchi et al., 1985 .
Prostaglandin E antiserum was purchased from PerSep-2

Ž .tive Diagnostics Cambridge, MA, USA .

2.5. Measurement of radioactiÕity released from
[ 3 ]H arachidonic acid-labeled macrophages

The peritoneal cells were collected and 6=106 cells
were incubated for 2 h, washed three times to remove
non-adherent cells, and further incubated for 18 h in
medium containing 10% calf serum. The cells were then
washed three times and incubated for 2 h at 378C in 4 ml
of medium containing 10% calf serum and 37 kBq of
w3 x ŽH arachidonic acid 2.26 TBqrmmol, New England Nu-

.clear, Boston, MA, USA . The adherent cells were washed
w3 xthree times with medium to remove free H arachidonic

acid, and incubated in 4 ml of medium containing 10%
calf serum and various concentrations of auranofin. The
conditioned medium was withdrawn at 4 h, centrifuged at
1500=g and 48C for 15 min, and the radioactivity of the

Ž .supernatant fraction was determined Ohuchi et al., 1988 .

2.6. Western blot analysis of cyclooxygenase 1 and cyclo-
oxygenase 2

4 or 20 h after incubation in 4 ml of medium in the
presence or absence of each stimulator and 10 mM of
auranofin, the cells were washed three times with phos-

Ž .phate-buffered saline PBS, pH 7.4 , scraped off the plate,
and centrifuged at 800=g for 5 min at 48C. The precipi-
tate was sonicated for five times using a Handy Sonic

Ž .Disrupter UR-20P, TOMY, Tokyo, Japan at 90% maxi-
mum power for 10 s at a time in 1 ml of the ice-cold

Žsolubilization buffer Tris, 50 mM; EDTA, 10 mM; Tween
Ž .20, 1% vrv ; N, N-dimethyldithiocarbamate, 1 mM;

phenylmethylsulphonyl fluoride, 1 mM; pepstatin A, 10
.mM; and leupeptin, 10 mM; pH 8.0 . The sonicates were

centrifuged at 100 000=g and 48C for 1 h, and the
supernatant fractions were obtained. Protein concentrations

Žin the supernatant fractions were determined Wang and
.Smith, 1975 , and an aliquot of 30 mg protein was then

Ž .boiled for 3 min at a ratio of 1:1 vrv with 2=gel
Ž Ž .loading buffer Tris, 50 mM; SDS, 4% wrv ; glycerol,

Ž . Ž .10% vrv ; 2-mercaptoethanol, 4% vrv ; and bromophe-
.nol blue, 0.05 mgrml; pH 7.4 . Samples were then loaded

Ž .onto gradient gels 4–10% Tris-glycine, pH 8.3 and sub-
Ž .jected to electrophoresis 4 h at 15 mA . The separated

proteins were transferred to a nitrocellulose membrane
Ž .Bio-Rad, Hercules, CA, USA; 2 h at 150 mA . After
transfer to the nitrocellulose membrane, the blot was incu-

Žbated in the blocking solution Block Ace, Dainippon,
.Osaka, Japan at room temperature for 1 h and then

incubated with primary antibodies at 238C for 2 h. The
antibodies used were a rabbit antibody to murine cyclooxy-

Žgenase 2 dilution 1:100, Oxford Biomedical Research,
.Ann Arbor, MI, USA and a goat antibody to sheep

Žseminal cyclooxygenase 1 dilution 1:25 000, Oxford
.Biomedical Research . The blot was then incubated with
Ž .secondary antibodies dilution 1:2000 , which were an

Žanti-rabbit immunoglobulin G Vector Laboratories,
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.Burlingame, CA, USA for cyclooxygenase 2, and an
Ž .anti-goat immunoglobulin G Vector Laboratories for cy-

clooxygenase 1, at 48C for 3 h. Finally, the blot was
Žincubated with Vectastain ABC reagent Vector Laborato-

.ries at room temperature for 30 min. The blot was then
Žincubated with ECL detection reagent Amersham Interna-

.tional, Amersham, UK at room temperature for 2 min,
exposed to Kodak X-OMAT AR film at room temperature
for 50 s, and photographed. The cyclooxygenase 1 and
cyclooxygenase 2 levels were quantified by scanning den-
sitometry, and individual band density values for each
point were expressed as the relative density signal.

2.7. Statistical analysis

Results were analyzed for statistical significance by
Dunnett’s test for multiple comparison and Student’s t-test
for unpaired observations.

3. Results

3.1. Effects of auranofin on the spontaneous prostaglandin
E production by macrophages2

When the peritoneal macrophages were incubated in
medium containing 10% calf serum and various concentra-
tions of auranofin, the prostaglandin E concentrations in2

the conditioned medium at 4 h were increased significantly
by auranofin at concentrations of 1, 3 and 10 mM in a

Ž .concentration-dependent manner Fig. 1 . However, the
stimulative effects of auranofin were not observed when

Ž .examined at 20 h Fig. 1 . Time-course experiments re-
vealed that at 8 h, 3 and 10 mM of auranofin significantly

Ž .increased prostaglandin E production P-0.01 ; at 12 h,2

Fig. 1. Effects of various concentrations of auranofin on spontaneous
prostaglandin E production in rat peritoneal macrophages. Rat peritoneal2

Ž 6 .macrophages 6=10 cells were incubated at 378C for 4 or 20 h in 4 ml
of medium containing 10% calf serum and indicated concentrations of

Ž .auranofin. Prostaglandin E PGE concentrations in the conditioned2 2

medium were radioimmunoassayed. Values are the means from four
samples with S.E.M. shown by vertical bars. Similar results were ob-
tained in three additional experiments. Statistical significance: ) P -0.05,
) ) ) P -0.001 vs. the control.

Fig. 2. Effects of auranofin on the release of radioactivity from
w3 xH arachidonic acid-labeled macrophages. Rat peritoneal macrophages
Ž 6 .6=10 cells were incubated at 378C for 2 h in medium containing 10%

w3 xcalf serum and 37 kBq of H arachidonic acid. After three washes, the
cells were incubated at 378C for 4 h in 4 ml of medium containing
various concentrations of auranofin, and the radioactivity released into the
medium was determined. Values are the means from four samples with
S.E.M. shown by vertical bars. Similar results were obtained in three
additional experiments. Statistical significance: ) ) P -0.01, ) ) ) P -

0.001 vs. the control.

only 10 mM of auranofin enhanced prostaglandin E pro-2
Ž .duction P-0.01 ; and at 20 h, no significant stimulation

was induced at any concentrations of auranofin.

3.2. Effects of auranofin on the release of radioactiÕity
[ 3 ]from H arachidonic acid-labeled macrophages

Auranofin at concentrations of 1, 3 and 10 mM in-
w3 xcreased the release of radioactivity from H arachidonic

acid-labeled macrophages in a concentration-dependent
Ž .manner when determined at 4 h Fig. 2 , in accordance

with the increase in prostaglandin E production as shown2

in Fig. 1.

3.3. Effects of auranofin on prostaglandin E production2

in TPA-stimulated macrophages

The peritoneal macrophages were incubated in medium
Ž .containing TPA 16.2 nM, 10 ngrml with or without 10

mM auranofin. TPA treatment stimulated prostaglandin E2

production time-dependently, but in the presence of 10
mM of auranofin, TPA-induced prostaglandin E produc-2

tion at 8, 12, and 20 h was inhibited. The concentrations of
prostaglandin E in the conditioned medium of the group2

treated with TPA and auranofin were almost the same as
Ž .that of the group treated with auranofin alone Fig. 3 . At 4

h, TPA-induced prostaglandin E production was not af-2

fected by auranofin. Without TPA, auranofin enhanced
prostaglandin E production at 4 h, and thereafter prosta-2

glandin E production increased gradually. At 20 h, there2

was no significant difference in prostaglandin E levels2

between the control and auranofin-treated groups. TPA-in-
duced prostaglandin E production at 20 h was not inhib-2

Žited by 1 mM of auranofin, but was significantly P-
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Fig. 3. Time course of the effects of auranofin on TPA-induced prosta-
glandin E production in rat peritoneal macrophages. Rat peritoneal2

Ž 6 .macrophages 6=10 cells were incubated at 378C for various periods in
4 ml of medium containing 10% calf serum in the presence or absence of

Ž .TPA 16.2 nM, 10 ngrml and 10 mM of auranofin. Prostaglandin E2
Ž .PGE concentrations in the conditioned medium were radioimmunoas-2

Ž . Ž .sayed. Control blank columns , auranofin 10 mM shadowed columns ,
Ž .TPA 16.2 nM hatched columns , and auranofin 10 mM with TPA 16.2

Ž .nM closed columns are shown. Values are the means from four samples
with S.E.M. shown by vertical bars. Statistical significance: ) ) P -0.01,
) ) ) P -0.001 vs. the corresponding control, aaP -0.01, aaaP -0.001
vs. their corresponding TPA control.

. Ž0.001 inhibited by 3 mM of auranofin prostaglandin E2
Ž 6 .ng per 10 cells : TPA, 22.4"1.0; TPAqauranofin 3
mM, 18.6"0.5; TPAqauranofin 10 mM, 12.3"0.6;

.means"S.E.M. from 4 samples .

3.4. Effects of auranofin on prostaglandin E production2

in thapsigargin-stimulated macrophages

The peritoneal macrophages were incubated in medium
containing various concentrations of thapsigargin with or

Žwithout 10 mM of auranofin. Thapsigargin 4.6 and 46
.nM, 3 and 30 ngrml, respectively stimulated prosta-

glandin E production in a concentration-dependent man-2
Ž .ner at 4 and 20 h Fig. 4 . At 4 h, auranofin enhanced

prostaglandin E production in the presence or absence of2

thapsigargin. However, when determined at 20 h, 10 mM
of auranofin inhibited thapsigargin-induced prostaglandin
E production, but not the spontaneous prostaglandin E2 2

Ž .production Fig. 4 . At 20 h, 3 mM of auranofin signifi-
Ž .cantly P-0.001 inhibited thapsigargin-induced prosta-

glandin E production, and 1 mM of auranofin showed no2
Ž .inhibitory effect data not shown .

3.5. Effects of auranofin on prostaglandin E production2

in A23187-stimulated macrophages

The peritoneal macrophages were incubated in medium
containing various concentrations of A23187 with or with-

Žout 10 mM of auranofin. A23187 at 0.3 and 1 mM 0.18
.and 0.52 mgrml, respectively stimulated prostaglandin E2

production in a concentration-dependent manner at 4 and

Fig. 4. Effects of auranofin on prostaglandin E production in thapsigar-2
Ž 6 .gin-stimulated macrophages. Rat peritoneal macrophages 6=10 cells

were incubated at 378C for 4 and 20 h in 4 ml of medium containing 10%
Žcalf serum in the presence or absence of thapsigargin 4.6 and 46 nM, 3

.and 30 ngrml, respectively and 10 mM of auranofin. Prostaglandin E2
Ž .PGE concentrations in the conditioned medium were radioimmunoas-2

sayed. Without auranofin, blank columns; and with auranofin, shadowed
columns. Values are the means from four samples with S.E.M. shown by
vertical bars. Similar results were obtained in three additional experi-
ments. Statistical significance: ) ) P -0.01, ) ) ) P -0.001 vs. the con-
trol. aP -0.05, aaP -0.01, aaaP -0.001 vs. the corresponding aura-
nofin-free control.

Ž .20 h Fig. 5 . At 4 h, auranofin enhanced prostaglandin E2

production in the presence or absence of A23187. How-
ever, when determined at 20 h, auranofin inhibited
A23187-induced prostaglandin E production, but not the2

Ž .spontaneous prostaglandin E production Fig. 5 . At 20 h,2
Ž .3 mM of auranofin significantly P-0.001 inhibited

A23187-induced prostaglandin E production, and 1 mM2
Ž .of auranofin showed no inhibitory effect data not shown .

Inhibition by auranofin of prostaglandin E production2

Fig. 5. Effects of auranofin on prostaglandin E production in A23187-2
Ž 6 .stimulated macrophages. Rat peritoneal macrophages 6=10 cells were

incubated at 378C for 4 and 20 h in 4 ml of medium containing 10% calf
Ž .serum in the presence or absence of A23187 0.3 and 1 mM and 10 mM

Ž .of auranofin. Prostaglandin E PGE concentrations in the conditioned2 2

medium were radioimmunoassayed. Without auranofin, blank columns;
and with auranofin, shadowed columns. Values are the means from four
samples with S.E.M. shown by vertical bars. Similar results were ob-
tained in three additional experiments. Statistical significance: ) P -0.05,
) ) ) P -0.001 vs. the control. aaP -0.01, aaaP -0.001 vs. the corre-
sponding auranofin-free control.
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Fig. 6. Effects of auranofin on the levels of cyclooxygenase 1 and
cyclooxygenase 2 in TPA- and thapsigargin-stimulated macrophages. Rat

Ž 6 .peritoneal macrophages 6=10 cells were incubated at 378C for 4 and
20 h in 4 ml of medium containing 10% calf serum in the presence or

Ž . Ž . Ž .absence of TPA 16.2 nM, 10 ngrml and auranofin AF, 10 mM a ,
Ž . Ž .and thapsigargin TG, 46.1 nM, 30 ngrml and auranofin AF, 10 mM

Ž . Ž .b . The protein levels of cyclooxygenase 1 COX-1 and cyclooxygenase
Ž .2 COX-2 were determined by Western blot analysis. To facilitate

comparisons, the relative optical density signal of each band is shown as
a histogram. Relative cyclooxygenase 1 and cyclooxygenase 2 levels in
the cells incubated for 4 h in medium containing no drugs were set to ten.
Histograms are the means"S.E.M. shown by vertical bars from three
independent experiments. Open columns represent cyclooxygenase 1, and

Ž .closed columns represent cyclooxygenase 2. Statistical significance: a
Ž .TPA vs. None or TPAqAF, P -0.001, at 4 and 20 h. b TG vs. None

or TGqAF, P -0.001, at 4 and 20 h.

was not due to cytotoxicity as assessed by trypan blue
exclusion.

3.6. Effects of auranofin on the leÕels of cyclooxygenase 1
and cyclooxygenase 2 in macrophages

Western blot analysis revealed that cyclooxygenase 1
levels in macrophages did not change by treatment with

Ž . ŽTPA 16.2 nM, 10 ngrml or thapsigargin 46.1 nM, 30
. Ž .ngrml when determined at 4 and 20 h Fig. 6 . Treatment

with 10 mM of auranofin in the presence of TPA or
thapsigargin also did not affect the cyclooxygenase 1

Ž .levels in macrophages at 4 and 20 h Fig. 6 . In contrast,
cyclooxygenase 2 levels at 4 and 20 h were increased by
treatment with TPA or thapsigargin. In both cases, cyclo-
oxygenase 2 levels at 4 h were higher than that at 20 h.
The induction of cyclooxygenase 2 caused by TPA or
thapsigargin was inhibited by 10 mM of auranofin at 4 and

Ž .20 h Fig. 6 . Auranofin at 3 mM partially inhibited the
induction of cyclooxygenase 2 caused by TPA or thapsi-

Žgargin, and 1 mM of auranofin showed no effect data not
. Ž .shown . Treatment with A23187 1 mM, 0.524 mgrml

also increased cyclooxygenase 2 levels at 4 and 20 h, and
the induction of cyclooxygenase 2 caused by A23187 was

Ž .also inhibited by 10 mM of auranofin data not shown .

4. Discussion

Ž .In mouse peritoneal macrophages, auranofin 1–20 mM
stimulated the mobilization of arachidonate at 30 min in

Ž .the absence of stimulators Bondeson and Sundler, 1993 .
We confirmed these findings by showing that the release
of arachidonic acid and prostaglandin E production in rat2

peritoneal macrophages were increased by auranofin at 4
h. Because the rat peritoneal macrophages produced
arachidonate metabolites in the following order: prosta-
glandin E )6-keto-prostaglandin F )prostaglandin F2 1a 2 a

Ž .
4 thromboxane B data not shown , we determined2

prostaglandin E production as an index of the metabolism2

of arachidonic acid. The increased production of prosta-
glandin E by auranofin is transient, because the stimula-2

tion of prostaglandin E production by auranofin did not2
Ž .continue for a long period 20 h .

In the presence of stimulators, auranofin did not inhibit
the stimulator-induced prostaglandin E production at 4 h.2

However, when the effect of auranofin was determined at
20 h, it was demonstrated that auranofin suppressed the
stimulator-induced prostaglandin E production. Western2

blot analysis revealed that auranofin inhibited the induc-
tion of cyclooxygenase 2 caused by TPA or thapsigargin
Ž .Fig. 6 . Therefore, the inhibition of prostaglandin E2

production by auranofin at 20 h in the presence of these
stimulators might be due to the inhibition of cyclooxy-
genase 2 induction. During the short time period of incuba-

Ž .tion 4 h , auranofin suppressed the cyclooxygenase 2
Ž .induction caused by TPA or thapsigargin Fig. 6 , but had

Žno inhibitory effects on prostaglandin E production Figs.2
.3–5 . This might be explained as follows: at the early

phase, auranofin stimulates the release of arachidonic acid,
which is metabolized into prostaglandin E mainly by2

pre-existing cyclooxygenase 1 although the induction of
cyclooxygenase 2 is inhibited by auranofin. The mecha-
nism of the inhibition caused by auranofin of cyclooxy-
genase 2 induction remains to be elucidated. Gold com-
pounds are reported to inhibit the binding of nuclear factor

Ž . Ž .kappa B NF-kB to DNA Yang et al., 1995 , and NF-kB
controls the production of interferon-b, tumor necrosis
factor-a , interleukin-2, -6 and -8, granulocyte-macrophage
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colony stimulating factor and the intercellular adhesion
Ž .molecule-1 Degitz et al., 1991; Neish et al., 1992 . Bon-

Ž .deson and Sundler 1995 reported that auranofin inhibits
the induction of interleukin-1b and tumor necrosis factor-a
messenger RNA in mouse macrophages. However, as to
the induction of cyclooxygenase 2, nuclear factor inter-
leukin-6 but not NF-kB is reported to play a key role in rat

Ž .granulosa cells Sirois and Richards, 1993 . In addition,
Ž .Yang et al. 1995 reported that the potency of the gold

compounds to inhibit the binding of NF-kB to DNA was
as follows: aurothioglucose)aurothiomalate4auranofin.
Our preliminary experiments revealed that the order to

Ž .inhibit TPA 16.2 nM, 10 ngrml -induced prostaglandin
E production at 20 h was as follows: auranofin42

Ž Žaurothioglucose)aurothiomalate prostaglandin E ng per2
6 .10 cells : None, 11.7"0.6; TPA, 25.4"1.4; TPAq

Ž . Ž .auranofin 10 mM , 12.5"0.7 P-0.001 vs. TPA ; TPA
Žqaurothioglucose 100 mM, 19.8"1.0 P-0.05 vs.

.TPA ; TPAqsodium aurothiomalate 100 mM, 26.1"0.9;
.the means"S.E.M. from 4 samples . These results indi-

cate that the inhibition of the binding of NF-kB to DNA
does not correlate with the inhibition of prostaglandin E2

production. Therefore, it is possible that auranofin inhibits
the binding of nuclear factor interleukin-6 to DNA in rat
peritoneal macrophages. In contrast, auranofin enhances
the synthesis of heme oxygenase and 23-kDa stress protein
in mouse peritoneal macrophages at doses above 12.5 mM
Ž .Sato et al., 1995 .

It has been reported that cyclooxygenase 2 is induced in
the synovial tissues of patients with rheumatoid arthritis
Ž .Sano et al., 1992; Crofford et al., 1994 . The present
investigation suggests that treatment with auranofin would
suppress the induction of cyclooxygenase 2 in the synovial
tissue and inhibit cyclooxygenase 2-mediated prosta-
glandin E production. The initial rise in prostaglandin E2 2

production caused by auranofin is due to the mobilization
of arachidonic acid that is probably metabolized by the
pre-existing cyclooxygenase 1 and cyclooxygenase 2.
Prostaglandin E produced by cyclooxygenase 1 would be2

important for the cells to express their fundamental func-
tions, because cyclooxygenase 1 is a housekeeping gene

Ž .product Lee et al., 1992 . The initial rise in prostaglandin
E production through cyclooxygenase 1 and cyclooxy-2

genase 2, and the late-phase suppression of prostaglandin
E production by the inhibition of the induction of cyclo-2

oxygenase 2 might be one of the mechanism of auranofin’s
therapeutic action on rheumatoid arthritis. Concentrations
of auranofin employed in the present study are close to the

Ž .therapeutic concentrations 1.5–5.1 mM in whole blood as
Ž .reported by Gottlieb 1982 .
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