
Biochemical Pharmacology, Vol. 38, No. 21, pp. 3707-3711, 1989 0006-295ff89 $3.00 + 0.00 
Printed in Great Britain. ~) 1989. Pergamon Press plc 

INHIBITORY EFFECTS OF DICLOFENAC AND 
INDOMETHACIN ON INTERLEUKIN-I-INDUCED CHANGES 

IN PGE2 RELEASE 

A N O V E L  E F F E C T  O N  F R E E  A R A C H I D O N I C  A C I D  L E V E L S  I N  H U M A N  
S Y N O V I A L  C E L L S  

L. A. J. O'NEILL* and G. P. LEWIS 
Department of Pharmacology, Royal College of Surgeons, Lincolns Inn Fields, London WC2A 3PN, 

U.K. 

(Received 17 February 1989; accepted 12 May 1989) 

Abstract--The inhibitory effects of two non-steroidal anti-inflammatory drugs (NSAIDS), diclofenac 
and indomethacin, on interleukin-1 (IL-1)-induced changes in arachidonic acid (AA) release and 
prostaglandin E2(PGE2) production by human synovial cells was investigated. Both diclofenac and 
indomethacin potently inhibited IL-lol-induced PGE 2 release, with IC50 values of 1.6 -+ 0.02 nM and 
5.5 -+ 0.1 nM, respectively. A novel effect on IL-lol-mediated changes in AA levels was observed using 
cells labelled with radioactive AA. Both drugs at micromolar concentrations (10-30 #M) showed an 
apparent inhibition of IL-lo(-induced increases in radioactivity associated with free AA. Concomitant 
with this inhibition, there was an increase in radioactivity associated with phosphatidylethanolamine 
(PE) and triglyceride (TG). As the drugs had no effect on IL-lot-induced decreases in radioactivity 
associated with phosphatidylcholine (PC), this result was interpreted as being due to an enhanced 
acylation of AA into PE and TG. These results suggest that whilst at nanomolar concentrations, 
diclofenac and indomethacin can inhibit IL-lo~-induced PGE2 output, at micromolar concentrations an 
effect on free AA levels is also evident. This may have consequences for the release of other mediators 
such as leukotrienes, whose synthesis also involves the level of free AA. 

The mechanism by which non-steroidal anti- 
inflammatory drugs (NSAIDS) such as diclofenac 
and indomethacin exert their anti-inflammatory 
effects involves decreasing the release of prosta- 
glandins by inhibition of the enzyme cyclo-oxy- 
genase. Prostaglandins have been implicated in many 
of the features of both acute and chronic inflam- 
mation and inhibition of their synthesis provides 
symptomatic relief in diseases" like rheumatoid 
arthritis. However, differences between NSAIDS 
have been observed which suggest that their effects 
may not solely be due to inhibition of cyclo-oxy- 
genase [1, 2]. Several groups have shown other 
effects of NSAIDS including inhibition of phospho- 
lipases [3, 4] and effects on acyltransferase [5]. Such 
effects would result in changes in the level of free 
arachidonic acid (AA), which would thereby alter 
the release of other inflammatory mediators such as 
leukotrienes. 

We have been studying the induction of prosta- 
glandin E2 (PGE2) release by the pro-inflammatory 
cytokine interleukin-1 (IL-1) in human synovial cells. 
IL-1 is one of the most potent inducers of PGEz 
release yet described, and this effect is thought to 
underlay some of its inflammatory effects in vivo. We 
have shown that the mechanism involves increases in 
free AA with concomitant changes in phospholipids 
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such as phosphatidycholine (PC) [6], and secondly 
an induction of cyclo-oxygenase [7]. 

Using this system we now go on to describe the 
effects of two NSAIDS" diclofenac and indometh- 
acin, on two aspects of the IL-1 response. Firstly, 
the induction of PGE2 release, and secondly the 
changes in phospholipid and AA metabolism. The 
aim of the study is both to determine the effects of 
diclofenac and indomethacin on what is considered 
a key pro-inflammatory activity of IL-1, and secondly 
to examine for any novel effects of these drugs on 
the release and metabolism of AA in IL-l-stimulated 
human cells. 

MATERIALS AND METHODS 

Synovialcells. Human adherent synovial cells were 
prepared as described previously [8] and grown to 
confluence in either 24 well macrowell plates 
(6 x 104/cm 2, Linbro) or 25 cm 2 tissue culture flasks 
(Nunc). Second to fifth passage cells were used in 
all experiments. The medium used was Dulbecco's 
Modified Eagle's Medium (DMEM, Gibco, 
Uxbridge, U.K.) supplemented with 10% heat inac- 
tivated fetal calf serum and containing 100 units/ml 
penicillin/streptomycin (Gibco). Cells were main- 
tained at 37 ° in a humidified atmosphere at 5% CO2. 

PGEe release. Second to fifth passage cells were 
grown to confluence in 24 well macrowell plates and 
incubated with 0.5 ng/ml human recombinant IL- 
I a  (a gift from P. Lomedico, Hoffman La Roche, 
Mijdrecht, The Netherlands) in the presence or 
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absence of diclofenac (sodium salt, Ciba Geigy, Sum- 
mit, NJ, 10-1°-10-7M) or indomethacin (Sigma 
Chemical Co., Poole, U.K. ,  10-1°-10-7M). After  
24 hr, PGE2 levels were determined in cell super- 
natants by radioimmunoassay as described pre- 
viously [9]. The antiserum used cross-reacted with 
other eicosanoids as follows: PGE1 26%, PGF 2 
1.1%, TxB2 <0 .3%,  6-oxo-PGF1 0.03% and with 
A A  0.06%. 

Arachidonic acid release. To label membrane 
phospholipids with radioactive A A ,  cells grown to 
confluence in 25 cm 2 Nunc flasks (6 x 104/cm 2) were 
incubated for 24 hr with 3 ml of media containing 
0.5/~Ci 5, 6, 8, 9, 11, 12, 14, 15-3H A A  (Amersham, 
Bucks., U.K. act. 210 Ci/mmol).  After  washing, 
cells were stimulated with IL- l t r  (0.5 ng/ml) for 4 hr, 
in the presence or absence of increasing con- 
centrations of diclofenac or indomethacin (0.1- 
30/~M). Incubations were terminated by adding 1 ml 
of ice-cold 10 mM HC1, and lipids were extracted 
using the technique of Bligh and Dyer [10]. The 
resulting organic phase was analysed by thin layer 
chromatography (TLC) on DC-alufoilen Kieselgel 
60 plates (Merck, Darmstadt ,  F .R .G. )  using three 
solvent systems: for phospholipids, chloroform/ 
methanol/acetic acid (40/10/20 v/v/v) ,  for prosta- 
glandins, chloroform/methanol/acetic  acid (90/90/ 
5 v/v/v) and for glycerides,  hexane/diethylether/  
acetic acid (50/50/1 v/v/v).  Lipids were generally 
dried under nitrogen and resuspended in 80 ~ul of 
chloroform. Ten microlitres of this extract were sub- 
jected to TLC in each system. Lipid standards were 
run with each sample to act as carriers and to help 
in visualization which was achieved using iodine 
vapour. Plates were sectioned and immersed in 2 ml 
methanol for 1 hr. Eight millilitres of liquid scin- 
tillation fluid (LKB) was then added and radio- 
activity determined using liquid scintillation 
spectrometry. 

RESULTS 

Inhibition o f  PGE2 release 

Diclofenac and indomethacin could both dose- 
dependently inhibit IL-l tr- induced PGE2 release 
from synovial cells (Fig. 1). Diclofenac proved more 
potent than indomethacin, with an IC50 value of 
1.6 - 0.02 nM, as compared to 5.5 - 0.1 nM for 
indomethacin. In the absence of either drug, the cells 
produced 52-56 ng/ml PGE 2 in response to IL-lol 
(0.5 ng/ml), as compared to < 3 n g / m l  in media 
treated controls. 

Effects on A A  release 

Both drugs had a complex range of effects on IL- 
lol-mediated changes in AA-associated radioactivity 
in synovial cells. After  4 hr incubation, IL- 1 tr (0.5 ng/  
ml) increased the level of radioactivity associated 
with A A  from 421 +-- 20 dpm in media alone treated 
cells, to 1712 +- 317 dpm, as shown in Fig. 2. Con- 
comitant with this increase there was a drop in PC- 
associated radioactivity from 8802---1035 dpm to 
6084 +--388dpm (Table 1) and in phosphatidyl- 
ethanolamine (PE)-associated radioactivity, from 
4103 -+ 724 dpm to 2872 -+ 327 dpm. Increasing con- 
centrations of diclofenac had an interesting effect on 

the response. At  the higher doses examined (10 and 
30/uM) diclofenac decreased the level of A A ,  so that 
at 30/~M it had reached non-IL-lol-treated control 
levels of 457--120 dpm (Fig. 2). However,  con- 
comitant with the decrease in free A A  levels, there 
was an increase in radioactivity associated with PE 
and triglyceride (TG), as also shown in Fig. 2. After  
treatment with 30/~M diclofenac, PE had reached 
levels of 5472-+ 721dpm as compared to 
2872 --- 327 dpm in IL-ltr- treated controls. In 
addition TG radioactivity also increased, reaching 
2732 -+ 219 dpm as compared to 1392 -+ 210 dpm. No 
major effects were seen on other lipids examined 
(Table 1), such as PC, which remained decreased at 
6023 - 1270 dpm in cells treated with 30/~M diclo- 
fenac. 

When indomethacin was examined for effects on 
IL-lo:-mediated changes in radioactive A A  levels, a 
very similar result to that seen with diclofenac was 
obtained (Fig. 3 and Table 2). In these experiments, 
more radioactivity was incorporated into the cells. 
This was likely to be a consequence of donor vari- 
ation. However,  the relative proportions of radio- 
activity in the major lipid species was the same as in 
experiments with diclofenac. Like diclofenac, indo- 
methacin could dose-dependently inhibit the IL-ltr-  
mediated increase in free A A ,  whilst increasing 
radioactivity associated with PE and TG. The effect 
was evident at concentrations of 1, 10 and 30 ~M. 
Diclofenac did not have an effect at 1/tM (Fig. 2), 
whereas indomethacin at this dose could decrease 
the IL-ltr-induced increase in free A A  from 
2812 +-- 317 dpm to 2017 - 132 dpm. There was also 
an increase in PE-associated radioactivity to 
5629 --- 432 dpm from 4872 --- 297 dpm, and TG- 
associated radioactivity to 3491---372dpm from 
2126 +-- 193 dpm. At  doses of 10 and 30/zM the effect 
was more pronounced. As with diclofenac, in- 
domethacin had no major effect on IL-loMn- 
duced changes in other lipid species such as PC 
(Table 2). 

DISCUSSION 

IL-1 induces a complex series of events leading to 
an increase in PGE2 output from synovial cells. The 
mechanism involves phospholipase activation 
[6, 11, 12] and an increased de novo synthesis of 
cyclo-oxygenase [7, 13]. Other enzymes such as acyl- 
transferase may be involved [6]. We report  here how 
diclofenac and indomethacin effect the response. 
Both drugs proved to be potent inhibitors of IL-1- 
induced PGE2 output,  with ICs0 values of 
1 . 6 - - 0 . 0 2 n M  for diclofenac and 5.5 +-0 .1nM for 
indomethacin. This level of potency compares favor- 
ably with that reported by Robinson et al. [14] who 
studied spontaneous PGE2 release from primary cul- 
ture synovial cells, and Hamilton et al. [15] who 
examined mononuclear cell factor-stimulated syno- 
vial cells. The effect was several orders of magnitude 
more potent than that for aspirin, which we reported 
previously as having an Its0 value of 4800 --- 23 nM 
[16]. 

At  higher concentrations (~uM), both drugs 
inhibited the IL-lol-induced increases in free AA.  
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Fig. 1. Effect of diclofenac and indomethacin on IL-l-induced PGE2 release in human synovial cells. 
Cells grown to confluence in macrowells (1.2 x 105 per 500/~l well) were incubated with IL-lcr (0.5 ng/ 
ml) and increasing concentrations of diclofenac (O) or indomethacin (O) for 24 hr, PGE2 levels being 
determined in the supernatant by radioimmunoassay. Results are expressed as % inhibition where 0% 
corresponds to 54 ± 2 ng/ml PGE2, and represent mean - SE from three separate experiments, each 

in triplicate. 
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Fig. 2. Effect of diclofenac on IL-lo:-mediated changes in AA, PE and TG-associated radioactivity in 
human synovial cells. Cells grown to confluence in 25 cm 2 flasks (6 x 104 per cm 2) and labelled with 
0.5 #Ci [3H]AA for 24hr,  were stimulated with IL-ltr  (0.5 ng/ml) in the presence of increasing 
concentrations of diclofenac. After 4 hr lipids were extracted, separated and analysed using TLC and 
liquid scintillation spectrometry. Results are shown for three lipid species: AA, PE and TG. All histobars 
except controls show results for cells treated with IL-1 tr (0.5 ng/mi), the histobar with 0/~M diclofenac 
corresponding to cells treated with IL-1 o~ alone. Total radioactivity recovered over all experiments was 
174,123 ± 5320 dpm, which was dissolved in 80/~1 of chloroform. 10 microlitres of this extract was 
subjected to TLC, the radioactivity in the figure corresponding to that lipid species indicated. Results 
represent the mean - SE of three separate experiments, each being carried out in duplicate. ( 0 )  

indicates a significant difference (P < 0.05) from cells treated with diclofenac alone. 

This  was no t  solely due  to an  inh ib i t ion  of  phospho-  
l ipase,  an  effect  previously  r e p o r t e d  for  indo- 
me thac in  [3], as the  IL- lo : -media ted  decrease  in 
radioact ivi ty  associa ted  wi th  PC,  which  would  reflect 

BP 38 :21 -E  

phospho l ipase  activity, was unaffec ted .  A more  
likely in t ep re t a t ion  was an  increase  in reacyla t ion of 
A A  into  P E  and  T G ,  bo th  of  which showed  signifi- 
cant  increases.  This  is cons is tent  with  the  hypothes is  
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Table 1. Effect of diclofenac on IL-loc-mediated changes in PC, PI, PS, MG, DG and PGE2-associated 
radioactivity in human synovial cells 

+IL-lot (0.5 ng/ml) + Diclofenac (/uM) 
Media +IL-lo: 

Lipid alone (0.5 ng/ml) 0.1 1 10 30 

PC 8802 ± 1035 6084 ± 388 6472 ± 388 5307 ± 1294 5955 2 1035 6023 ± 1270 
PI 3107 ± 517 3365 ± 68 3207 ± 102 37062 421 4120 2 627 3272 ± 270 
PS 1812 2 225 2971 ± 517 2187 ± 326 2937 2 394 3017 2 106 2921 ± 470 
DG 225 2 50 227 ± 10 217 ± 22 218 ± 22 217 2 10 ND 
MG 103 2 27 103 ± 57 103 ± 37 107 2 92 221 • 70 2092  82 
PGE 2 125 ± 62 407 ± 37 ND ND ND ND 

Cells grown to confluence in 25 cm 2 flasks (6 x 104 per cm:) and labelled with 0.5/~Ci [3H]AA for 24 hr, 
were stimulated with IL-lot (0.5 ng/ml) in the presence of increasing concentrations of diclofenac. After 
4 hr lipids were extracted, separated and analysed using TLC and liquid scintillation spectrometry. Results 
are shown for six lipid species: PC, PI, PS, DG MG and PGEv Total radioactivity recovered over all 
experiments was 174, 123 ± 5320 dpm, which was dissolved in 80/~1 of chloroform. Ten microlitres of this 
extract was subject to TLC, the radioactivity in the table corresponding to that lipid species indicated. 
Results represent the mean --- SE of three separate experiments, each being carried out in duplicate. ND = 
not detectable. 
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Fig. 3. Effect of indomethacin on IL-lo:-mediated changes in AA, PE and TG-associated radioactivity 
in human synovial cells. Cells grown to confluence in 25 cm 2 flasks (6 × 104 per cm 2) and labelled with 
0.5/tCi [3H]AA for 24hr,  were stimulated with IL-ltr (0.5 ng/ml) in the presence of increasing 
concentrations of indomethacin. After 4 hr lipids were extracted, separated and analysed using TLC 
and liquid scintillation spectrometry. Results are shown for three lipid species: AA, PE and TG. All 
histobars except controls show results for cells treated with IL-1 oc (0.5 ng/ml), the histobar with 0/~M 
indomethacin corresponding to cells treated with IL-10c alone. Total radioactivity recovered over all 
experiments was 287,708 ± 7228 dpm, which was dissolved in 80 #1 of chloroform. Ten microlitres of 
this extract was subjected to TLC, the radioactivity in the figure corresponding to that lipid species 
indicated. Results represent the mean ± SE of three separate experiments, each being carried out in 
duplicate. ( 0 )  indicates a significant difference (P < 0.05) from cells treated with indomethacin alone. 

tha t  the  level of  A A  in cells is d e t e r m i n e d  by the  
ba lance  b e t w e e n  its re lease  by phospho l ipases  and  
its reacyla t ion  by acyl t ransferase  [17]. Whi ls t  
phospho l ipase  would  be  still active in this system 
(PC is still decreased) ,  an  e n h a n c e d  acyla t ion into 
P E  and  T G  would be  ref lected in a ne t  decrease  in 
free A A  levels.  In teres t ingly ,  Ko tha r i  et al. [18] 
have  shown a similar  effect  in A23187-s t imula ted  

leukocytes ,  They  also showed  a decrease  in A A  by 
diclofenac,  a long with increases  in P E  and  T G ,  and  
suggested tha t  this  may explain the  inhib i tory  effects 
of diclofenac on  leukot r iene  release in this system. 
F r o m  our  s tudies it would appea r  tha t  diclofenac and  
indome thac in  (bo th  be longing  to the  acetic acid class 
of N S A I D S )  have  a similiar effect in IL- l t r -s t imu-  
lated synovial  cells. No change  would be  obse rved  
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Table 2. Effect of indomethacin on IL-1 tx-mediated changes in PC, PI, PS, MG, DG and PGEz-associated 
radioactivity in human synovial cells 
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+IL-lol (0.5 ng/ml) + Indomethacin (/~M) 
Media +IL-lot 

Lipid alone (0.5 ng/ml) 0.1 1 10 30 

PC 8210 ± 1216 5999 ± 972 6124 ± 273 6327 ± 371 6210 ± 279 6110 ± 821 
PI 4122 ± 827 2932 ± 771 2991 ± 721 3106 -+ 721 3010 ± 634 3122 ± 110 
PS 1901 ± 292 1321 ± 476 1017 ± 292 1729 ± 721 1874 ± 291 2176 ± 322 
DG ND ND 210 ± 57 357 ± 56 ND ND 
MG ND 273 ± 22 217 ± 57 ND ND ND 
PGE z 207 ± 129 673 ± 10 ND ND ND ND 

Cells grown to confluence in 25 cm 2 flasks (6 × 104 per cm z) and labelled with 0.5/~Ci [3H]AA for 
24 hr, were stimulated with IL-lo~ (0.5 ng/ml) in the presence of increasing concentrations of indo- 
methacin. After 4 hr lipids were extracted, separated and analysed using TLC and liquid scintillation 
spectrometry. Results are shown for six lipid species: PC, PI, PS, DG, MG and PGEz. Total radioactivity 
recovered over all experiments was 287,708 ± 7228 dpm, which was dissolved in 80/d of chloroform. 
Ten microlitres of this extract was subjected to TLC, the radioactivity in the table corresponding to that 
lipid species indicated. Results represent the mean ± SE of three separate experiments, each being 
carried out in duplicate. ND = not detectable. 

in l euko t r i ene  o u t p u t  he re  how eve r  as the  cells lack 
l ipoxygenase enzymes  [19]. 

In conclus ion the re fo re ,  this  resul t  implies tha t  at  
mic romola r  concen t ra t ions ,  d ic lofenac and  indo- 
me thac in  have  addi t iona l  effects on  the  PGE2 biosyn- 
thet ic  pa thway  o t h e r  t han  cyclooxygenase  inhibi t ion .  
These  effects involve m o d u l a t i o n  of  the  level of  free 
A A  via e n h a n c e d  acylat ion of A A  into  P E  and  T G.  
Such effects on  A A  me tabo l i sm may have  con- 
sequences  for  the  overal l  an t i - in f l ammatory  effect  
of these  agents  in vioo, (where  i n d o m e t h a c i n  for  
example  reaches  concen t r a t i ons  of  5 -10  # M  [20]), as 
o the r  in f l ammatory  med ia to r s  such as l eukot r ienes ,  
whose  synthesis  also involves  free A A  levels,  may  
also be  affected.  
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