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Objectives. To determine the antioxidant activities of 
nonsteroidal anti-inflammatory drugs (NSAIDS), we 
examined by chemiluminescence (CL) and electron 
spin resonance (ESR) their scavenging properties 
towards lipid peroxides, hypochlorous acid and per- 
oxynitrite. 

Methods. The antioxidant properties of nimesulide 
(NIM), 4-hydroxynimesulide (4-HONIM), ace- 
clofenac (ACLO), 4-hydroxyaceclofenac (4-HOA- 
CLO), diclofenac (DICLO) and indomethacin (INDO) 
were tested on four different reactive oxygen species 
(ROS) generating systems: (I) phorbol-myristate ace- 
tate (PMA)-activated neutrophils, (II) Fe2+/ascor - 
bate-induced lipid peroxidation, (III) HOCMnduced 
light emission, (IV) the kinetics of ONOO- decomposi- 
tion followed by spectrophotometry. ROS production 
was monitored by luminol-enhanced CL or by ESR 
using two different spin traps. 

Results. At 10 gM, ACLO, NIM, 4-HONIM, 4-HOA- 
CLO, and DICLO decreased luminol-enhanced CL 
generated by PMA-activated neutrophils. Inversely, 
INDO increased the luminol enhanced CL. Interest- 
ingly, hydroxylated metabolites were more potent 
antioxidants than the parent drugs. Furthermore, all 
drugs tested, excepted ACLO, lowered lipid peroxida- 
tion induced by Fe2+/ascorbate system. ACLO and 

DICLO, even at the highest concentration tested (100 
~M), did not significantly lower HOC1 induced CL, 
whereas the other drugs were potent scavengers. 
Finally, all the NSAIDS accelerated decomposition of 
ONOO-, suggesting a potential capacity of the mole- 
cules to scavenge peroxynitrite. 
Conclusion. The NSAIDs possess variable degrees of 
antioxidant activities, linked to their ability to react 
with HOC1, lipid peroxides or ONOO-. These antioxi- 
dant activities could offer interesting targeted 
side-effects in the treatment of joint inflammatory dis- 
eases. 

Keywords: Antioxidants; NSAIDs; neutrophils; reactive oxy- 
gen species; lipoperoxidation; peroxynitrite 

I N T R O D U C T I O N  

Nons t e ro ida l  an t i - i n f l ammato ry  d r u g s  (NSAIDs)  

are c o m m o n l y  used  in the t r ea tmen t  of  arthritis. 

They  act  b y  inhibi t ing  p ros tag land ins ,  p l a smino-  

gen  activator,  l eukot r ienes  and  p ro - in f l amma-  

to ry  cy tokines  (IL-1, IL-6, IL-8) synthes is  by  
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infiltrated and resident cells [1-6]. Furthermore, 
some NSAIDs have been demonstrated to be 
potent scavengers of reactive oxygen species 
(ROS) and inhibitors of the intracellular oxidase 
activity [7-16]. Since we know that ROS produced 
in excess at the inflammatory site play key roles 
in the progression of the rheumatoid inflamma- 
tion, they constitute potential targets for drugs 
used in rheumatoid arthritis (RA) treatment. 
Some studies have evidenced the therapeutic 
effects of antioxidant agents in the treatment of 
RA. Therapeutic remission of RA was obtained 
following intraarticular administration of the 
copper-zinc-containing enzyme superoxide dis- 
mutase (SOD) [17]. A significant alleviation of 
articular pain and morning stiffness was 
obtained following selenium and vitamin E sup- 
plementation in a double-blind study on RA 
patients [18]. 

More recently, researchers attention was 
focused on peroxynitrite anion, a newly identi- 
fied strong oxidant resulting from the reaction of 
nitric oxide with superoxide anion [191. It was 
demonstrated to be formed in rheumatoid joint 
where it can oxidize essential biomolecules 
implicated in the homeostasis of cells and tis- 
sues [20'21]. Peroxynitrite can also inactivate 
0~-antiproteinase, degrade glycosaminoglycans 
and induce nitration of tyrosine [22'23'24]. At this 
time, the reactivity of NSAIDs with ONOO- has 
not yet been investigated. 

For instance, few informations are available on 
the antioxidant properties of NSAIDs. 
Nimesulide (NIM), indomethacin (INDO) and 
diclofenac (DICLO) were reported to exhibit an 
antioxidant profile on the oxidation of liposomes 
taken as membrane model 17]. In addition, Capec- 
ch ie t  al showed that NIM was able to reduce 
free cytosolic calcium intake induced by 
N-formyl-methionyMeucyl-phenylalanine and 
ionophore ionomycin [81. It also exhibited similar 
inhibiting effects on the lysis of red blood cells 
photosensitized by tiaprofenic acid [9]. Moreover, 
NIM reduced the generation of 0 2- by stimu- 
lated polymorphonuclear leukocytes through 

the inhibition of protein kinase translocation and 
phosphodiesterase type IV activity, the principal 
enzyme responsible for the degradation of leu- 
kocyte cAMP [1°1. NIM is also a potent scavenger 
of hypochlorous acid, which is responsible for a 
large part of tissue injury and inflammation Ill]. 
Using an in vitro model of erythrocyte mem- 
brane lipoperoxidation induced by cumene 
hydroperoxide (CuOOH), 4-HONIM, the main 
metabolite of NIM, was demonstrated to protect 
erythrocyte membrane by directly quenching 
peroxyl and alkoxyl radical species [121. On the 
other hand, 4-HONIM was identified as a chelat- 
ing and antiradical agent on the model of peroxi- 
dation of phosphatidylcholin-liposomes induced 
by Fe 2+ via the Fenton reaction 113]. Iron excesses 
are found in vivo in the synovial fluid of rheu- 
matoid arthritis patients and are capable of exac- 
erbating the arthritic inflammation, probably 
throught their pro-oxidant potentials [14'15'16]. 
Therefore, iron chelation could be a limiting fac- 
tor of the inflammation reaction. Nevertheless, 
the link between antioxidant profile of NSAIDs 
and a potential chelating effect is not yet clearly 
established. 

The work presented herein was designed to 
investigate the mechanisms of action of some 
NSAIDs and their metabolites towards diverse 
oxidant species that are susceptible to be pro- 
duced at the level of joint inflammation. The 
effects of NSAIDs were tested in 4 types of 
experiments: (i) production of ROS by phor- 
bol-myristate acetate-activated neutrophils, 
monitored by chemiluminescence (CL) and elec- 
tron spin resonance (ESR) techniques, 
(ii) Fe2+/ascorbate-induced lipid peroxidation of 
linoleic acid monitored by ESR, 
(iii) HOCl-induced light emission monitored by 
CL, (iiii) the kinetics of ONOO-decomposition 
followed by spectrophotometry. NIM and its 
metabolite 4-HONIM were compared to INDO, 
DICLO, acedofenac (ACLO) and its metabolite 
4-hydroxyaceclofenac (4-HOACLO). 
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MECHANISMS OF NSAIDS ANTIOXIDANT ACTIVITIES 609 

MATERIAL AND METHODS 

Reagents 

All experiments were carried out in phosphate 
buffer (0.066 M Na2HPO4; 0.066 M KH2PO4; pH 
7.4) or in Hanks" Balanced Salt Solution (HBSS, 
pH 7.4). Ethylenediamine tetraacetic acid 
(EDTA), FeSO4.7H20 , hydrogen peroxide 
(H202), sodium nitrite (NaNO2) , sodium chlo- 
ride (NaC1), sodium hydrogenophosphate 
(Na2HPO4), sodium hydrogenocarbonate 
(NaHCO 3) and potassium dihydrogenophos- 
phate (KH2PO4) , ammonium chloride (NH4C1) 
and manganese dioxide (MnO2) were analytical 
grade and purchased from Merck (Bornem, Bel- 
gium). 5,5-Dimethyl-l-pyrroline-N-Oxide 
(DMPO), ot-(4-pyridyl-N-oxide)-tert-butylni- 
trone (4-POBN), ascorbic acid (vitamin C) and 
3-[(Cholamidopropyl)dimethylammonio]-l-pro- 
panesulfonate hydrate (CHAPS) and INDO were 
from Aldrich (Bornem, Belgium). DMPO was 
purified with activated charcoal as previously 
described [25]. NIM and 4-HONIM were gifts 
from Helsinn Healthcare (Lugano, Switzerland). 
Sodium hypochlorite (NaOC1) was obtained 
from BDH Laboratory (Poole, England). Linoleic 
acid, phorbol 12-myristate 13-acetate (PMA), 
superoxide dismutase (SOD), mannitol, Ficoll 
solution and luminol were purchased from 
Sigma (Bornem, Belgium). 

Neutrophil isolation and activation 

Buffy coats were obtained from healthy volun- 
teers (Transfusion Center-CHU, Li6ge) and 
diluted (2:1) with Ficoll solution [26]. After 20 rain 
of centrifugation at 450 g (20°C), the supernatant 
was diluted (2:1) with 0.9% NaC1 and further 
centrifuged for 20 min at 1250 g (20°C). The pel- 
let was treated with a hypotonic solution (NH4C1 
0.15 mM; EDTA 0.1 mM; NaHCO 3 10 mM) to 
eliminate the remaining erythrocytes. Neu- 
trophils were then suspended in HBSS, counted 

and kept at room temperature. NIM and 
4-HONIM were dissolved in alkaline solution 
(0.1 M NaOH), further diluted with phosphate 
buffer at pH 7.4, and tested at concentrations 
ranging from 10 to 200 btM. Drugs were preincu- 
bated with neutrophils for 10 min at 37°C before 
cell activation. The ROS and free radical produc- 
tion by activated neutrophils was monitored by 
CL and ESR techniques, respectively. 

Chemiluminescence assay 

CL measurements were carried out with a 
Bio-Orbit 1251 luminometer (Turku-Finland) at 
25°C. The reactions were performed in circular 
polystyrene tubes with neutrophils or a defined 
amount of NaOC1 (10 -5 M), in the presence of 
10 -3 M luminol. The neutrophils (106 cells/ml) 
were activated by 10 -6 M PMA and the light 
emission was monitored for 20 minutes. The CL 
induced by NaOC1 was recorded during 60 sec- 
onds. The assays were performed in phosphate 
buffer (pH 7.4), in the absence or in the presence 
of the drugs, which were used at concentrations 
ranging from 10 to 100 btM. 

Peroxynitrite synthesis 

ONOO- in alkaline solution was prepared from 
NaNO 2 and H20 2 as previously described [27]. To 
eliminate the excess of H20 2, ONOO- was 
treated with MnO 2, and ONOO- concentration 
was determined spectrophotometrically at 302 
nm (~ = 1700 M -1 cm-1) [28]. Stock solutions were 
stored at -80°C. 

Peroxynitrite decomposition analysis 

Peroxynitrite is stable in alkaline solution (pH > 
12) but decomposes when the pH decreases. In 
our experiments, the rate of ONOO- decomposi- 
tion was monitored by recording the peak 
absorbance of ONOO- at 302 nm. In these condi- 
tions, the concentration of ONOO- decreased 
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610 ANGE M.L. MOUITHYS-MICKALAD et  al. 

a) Activated PMNs 

1 

2 2 

A 

b) + NIM 20 gM 

c) + NIM 120 gM 

d) + NIM 200 gM 

10G 
I I 

Magnetic Field (Gauss) 
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MECHANISMS OF NSAIDS ANTIOXIDANT ACTIVITIES 611 

a) Activated P ~ s  
B 

1 1 

b) +HO-NIM 20 gM 

d) +HO-NIM 200 ~M 

Magnetic Field (Gauss) 

FIGURE 1 ESR spectra resulting from PMA-activated h u m a n  neutrophils  (PMNs) incubated in the presence of DMPO 
(100 mM), with or without  increasing amounts  of NIM (A) or 4-HONIM (B). The experimental settings were: receiver gain 2.104, 
time constant 81.92 ins, conversion time 164 ms. The number  of scans was  4. 1. DMPO-OH adduct (a N = a H = 14.89 G); 2. 
DMPO-OOH adduct (a N = 14.3 and a H = 1.3 G) 

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
L

ib
ra

ry
 o

f 
H

ea
lth

 S
ci

-U
ni

v 
of

 I
l o

n 
11

/2
2/

11
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



612 ANGE M.L. MOUITHYS-MICKALAD et  al. 

exponentially with time. The kinetics of the reac- 
tions of ONOO- were recorded at 25°C using a 
Kontron W-visible  spectrophotometer (UVIKON 
941) equipped with a thermostated (circulating 
water) cuvette holder (1 cm) (Hellma, Aartse- 
laar-Belgium). Absorbance was monitored at the 
rate of 50 measures/rain. The reaction started by 
the addition of the buffered NSAID solution to 
the alkaline solution of 0.28 mM ONOO-. The 
final pH of the reaction mixture (1 ml) was 8.0. 
For these experiments, concentrated (10 -2 M) 
drug solutions were prepared in methanol, and 
diluted with phosphate buffer to the final concen- 
tration of 10 -5 M. Reported results were the aver- 
age of at least 4 separate assays. 

ESR experiments 

ESR experiments were performed using two dif- 
ferent models: isolated human neutrophils and 
linoleic acid peroxidation. The neutrophils (4.106 
cells/ml) were activated by 5.10 -7 M PMA, with 
or without addition of the drug. The production 
of free radicals was monitored in the presence of 
the spin trap agent DMPO (100 mM). The lino- 
leic acid emulsion was prepared by mixing 
200 mg of CHAPS and 0.2 ml of linoleic acid in 
100 ml of chelexed phosphate buffer at pH 7.4 
(final concentration of linoleic acid: 6.4 raM). The 
lipoperoxidation started by adding 10 -5 M Fe 2+ 
to the emulsion in the presence of 10 -3 M ascor- 
bate and 50 mM spin trap 4-POBN (final volume 
1 ml). The reaction mixture was immediately 
transfered into the flat cell in the TM110cavity of 
the spectrometer. ESR spectra were monitored 
with a Bruker spectrometer, operating at 
non-saturating microwave power (20 mW). The 
experimental settings were as follows: 9.75 GHz 
microwave frequency, 3480 G centre of field, 100 
G sweep width. The other parameters are listed 
in the legends of the figures. 

Statistical analysis 

The results were expressed as the mean values 
with the standard deviation. Statistical analysis 

was performed by the unpaired Student's t test 
with a limit of significance at p < 0.05. 
Dose-reponse curves were fitted by regression 
models (Pearson's test) using drug concentra- 
tions in logarithmic scale. 

RESULTS 

Effects of NSAIDs on ROS and free radical 
production by PMA-activated neutrophils 

Figure 1 shows the high intensity ESR spectrum 
resulting from the activation of neutrophils by 
PMA. This spectrum was characteristic for 
DMPO-OOH radical adducts (aN=14.3 G, 
a H = 1.3 G) and/or  their decomposition adducts 
DMPO-OH (a H = a N = 14.89 G) with a major part 
of the spectrum (75%) formed by the DMPO-OH 
adducts. The intensity of the ESR spectrum was 
strongly reduced in the presence of 30 U / m l  
SOD (90 % inhibition) and to a lesser degree 
by 'OH scavengers (30 % inhibition with 10 -4 M 
mannitol). The addition of NIM (Figure 1A) or 
its metabolite 4-HONIM (Figure 1B), at the con- 
centrations ranging from 10 to 200 gM, resulted 
in a dose-dependent inhibition of the ESR signal 
intensity. At 200gM, NIM and 4-HONIM 
decreased the signal height by 52 and 73% 
respectively. By comparison, ACLO exhibited a 
weak effect (7% inhibition) and 4-HOACLO 
reduced by 35% the signal intensity (Table I). 

The chemiluminescence results are presented 
on figure 2 : the control value (without drug 
addition) is the mean of 3 assays performed with 
3 different cell batches, with the individual abso- 
lute values obtained for each cell batch ranging 
from 2100 to 1950 inV. This mean value was 
taken as 100 % and the effects of drugs were 
expressed in % of this control value. NIM and 
4-HONIM exhibited a significant dose-depend- 
ent inhibiting effect on the CL. The inhibiting 
effect was more important compared to ESR 
studies. At 10 gM, corresponding to the plas- 
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140 

120 

100 

80 

60 

40 

20 

0 m 

Nimesulide ~ Aceclofenac 

[ ]  4-HO Nimesulide ~ 4-HO Aceclofenac 

!1 

[--] Indomethacin 

Diclofenac 

3 

m 

10 50 100 
Drug concentrations (gM) 

FIGURE 2 Effects of increasing concentrations of NSAIDs on luminol-enhanced chemiluminescence generated by PMA-acti- 
vated neutrophils (106 cells/ml). Results are expressed as the percentage of the control value (100%). The values are the means 
of at least 3 independent experiments conducted with neutrophils coming from 3 different healthy donors 

matic NIM peak value after therapeutic dose 
administration (29), NIM inhibited by 25 + 5 % 
and 4-HONIM by 55 _+ 9 % the CL intensity. By 
comparison, ACLO or 4-HOACLO (10 gM) 
reduced the CL emission by 16 + 4 % and 30 + 
7 %, respectively and DICLO by 40 + 9 %. Sur- 
prisingly, INDO showed a biphasic effect on this 
parameter. At low concentration (10 gM), INDO 
increased by +30% the CL resulting from acti- 

vated PMN but induced a progressive inhibition 
at high concentration (100 gM). 

Furthermore, this experiment clearly demon- 
strated that the hydroxylated metabolites were 
more efficient antioxidants than the parent 
drugs. This finding suggests that the phenolic 
structure resulting from the drug metabolization 
played a key role in the antioxidant properties of 
the NSAIDs. 
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614 ANGE M.L. MOU1THYS-MICKALAD et al. 

TABLE I Comparative effects of 200 gM of NSAIDs on the 
ROS production by PMA-activated neutrophils (4.106 
cells/mL). The production of free radicals was monitored by 
ESR experiment using DMPO as spin trap agent. The results 
are expressed as the % of inhibition of the ESR signal height. 
The experimental settings were: receiver gain 2.104 , time 
constant 81.92 ms, conversion time 164 ms. The number of 
scans was 6 

Compound Inhibition of the ESR signal (%) 

None 0 

Nimesulide 52 

4-HO-nimesulide 73 

Aceclofenac 7 

4-HO-acectofenac 35 

TABLE II Comparative effects of 10 gM NSAIDs on the 
inhibition of ESR signal resulting from linoleic acid 
peroxidation induced by Fe2+/ascorbate system. In this 
model, 4-POBN was used as spin trap agent. The 
experimental settings were: receiver gain 2.104 , time constant 
40.96 ms, conversion time 40.96 ms. The number of scans 
was 4 

Compound Inhibition of the ESR signal (%) 

None 0 

Nimesulide 50 

4-HO-nimesulide 50 

Aceclofenac 0 

4-HO-aceclofenac 45 

Indomethacin 34 

Diclofenac 38 

Effects of NSAIDs on lipid peroxidation 
induced by iron (II) and ascorbate 

In the absence of Fe 2+, no signal of lipoperoxida- 
tion was observed (Figure 3, spectrum A). The 
addition of 10 gM Fe 2+ induced linoleic acid per- 
oxidation resulting in the appearance of a 
six-line ESR spectrum. This signal is characteris- 
tic of the 4-POBN radical adducts with the fol- 
lowing coupling constants: aN= 16.0 G and 
a H = 2.6 G (Figure 3, spectrum B). Moreover, a 
two-line ESR spectrum centered at 3480 G 

(a H = 1.7 G), characteristic for the ascorbyl free 
radical (AFR), was also observed. The addition 
of NIM or 4-HONIM, at the final concentration 
of 10 gM, decreased by 50 % the ESR spectrum 
intensity (Figure 3, spectra C and D). INDO and 
DICLO also exhibited a good inhibiting effect on 
the ESR signal intensity, but they were less 
active than NIM or 4-HONIM (table II). 4-HOA- 
CLO was also a potent scavenger of the lipid 
peroxides (45% inhibition of the signal height) 
whereas ACLO was without effect. 

Effects of NSAIDs on the NaOCl-induced CL 

In a range of concentrations from 10 to 100 gM, 
NIM and 4-HONIM dose-dependently inhibited 
the luminol-enhanced HOCI generated CL 
(r=0.97 for NIM and 0.88 for 4-HONIM; p<0.001) 
(Figure 4). At 10 gM, NIM inhibited by 15% the 
CL whereas 4-HONIM reduced it by 60%. At all 
concentrations, 4-HONIM was significantly 
more efficient than the parent molecule 
(p<0.0001). ACLO and DICLO, even at the high- 
est concentration tested (100 ~tM), did not signifi- 
cantly reduced the HOCl-induced CL, while 
INDO was slightly but significantly active at the 
doses of 50 and 100 gM. 4-HOACLO was signifi- 
cantly active in a dose-dependent manner 
(r=0.97; p<0.001), and was more efficient at each 
dose than its parent drug. 

Effects of NSAIDs on the kinetic curve 
of peroxynitrite decomposition 

All the NSAIDs tested were capable to accelerate 
the decomposition of ONOO- showing their 
capacity to scavenge peroxynitrite. The apparent 
first-order kinetic constant was 3.57 10 -2 s- 1 for 
NIM at the final concentration of 10 -5 M. The 
other drugs had a weaker effect on the rate of 
ONOO- decomposition, and exhibited similar 
rate constants: 2.28 10 -2 s -1 for 4-HONIM, 2.24 
10-2s 1 for ACLO, 2.21 10 -2 s -1 for 4-HOACLO 
and 2.48 10 -2 s -1 for INDO. Furthermore, metab- 

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
L

ib
ra

ry
 o

f 
H

ea
lth

 S
ci

-U
ni

v 
of

 I
l o

n 
11

/2
2/

11
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



MECHANISMS OF NSAIDS ANTIOXIDANT ACTIVITIES 615 

A) Linoleic acid + Vit C (1 mM) 

B) A+Fe-'+ ( I0  gM)  

D) B+4-HO-Nimesulide (10 pM)  

C) B+Nirnesulide (I0 gM) 

Magnetic Field (Gauss) 

FIGURE 3 ESR spectra resultin~ from the peroxidat ion of linoleic acid bv the Fe2+/ascorbate system. 4-POBN was used as spin  
trap. A) control: in the absenceof  Fe2+; B) in the presence of Fe 2+ (10 5M)'; C) same as B with  10 ̀-5 M NIM; D) same as B with  10 -5 
M 4-HONIM. * ESR spect rum of ascorbyl free radical (coupling constant  aH = 1.7 G). ** and *** ESR spect rum of 4-POBN spin 
adduct  result ing from the reaction of 4-POBN with  R O O  radicals (** a N = 16.0 G and *** a H = 2.6 G). The experimental  settings 
were: receiver gain 2.104, t ime constant  40.96 ms, conversion time 40.96 ms. The number  of scans was  4 
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olites and parent drugs showed similar activity 
to scavenge ONOO-. 

DISCUSSION 

Neutrophils, recruited to tissue sites of inflam- 
mation, release a variety of oxidants and 
enzymes, which are responsible for tissue dam- 
age. Among the oxidants released are potent 
chlorinated compounds (such as hypochlorous 
acid and chloramines), nitric oxide-derived 
inflammatory oxidants, including peroxynitrite, 
nitryl chloride and nitrogen dioxide but also 
hydroxyl radicals, superoxide anions and hydro- 

gen peroxide which directly induce tissue cell 
damage but also inactivate ~xl-antiproteinase, the 
major inhibitor of elastase I3°-341. We demon- 
strated herein that many NSAIDs possess anti- 
oxidant activities and therefore, could limit the 
oxidative stress generated by activated neu- 
trophils [35'36]. These findings are in agreement 
with previous papers showing that NSAIDs 
were capable to inhibit the respiratory burst of 
neutrophils triggered by various activator 
agents [8'1°'11'23]. The finding that NSAIDs are 
able to blunt ROS production from activated 
neutrophils, leads to suggest that the inhibition 
of oxidative burst may represent an additional 
mechanism of the antiinflammatory activity of 
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these drugs. This mechanism of action is particu- 
larly well documented for NIM, which has been 
shown to decrease FMLP and PMA-stimulated 
02"- production in polymorphonuclear leuko- 

cytes [8'1°]. The mechanism whereby NIM 
decreases O~ generation is not yet fully eluci- 
dated although it seems related to the inhibition 
of the phosphodiesterase type IV and the subse- 
quent increase in protein kinase A activity. The 
activation of protein kinase may prompt the 
phosphorylation of a number of substrates, thus 
inhibiting the assembly of NADPH-oxidase [1°]. 
This effect could be mediated by the direct inter- 
action of NIM with the adenosine receptor sys- 
tem on the cell membrane [81. Furthermore, 

NSAIDs may exert their effects through a direct 
scavenging action reducing the extracellular 
avaibility of ROS largely involved in the stimula- 
tion, propagation and maintenance of both acute 
and chronic inflammatory diseases such as rheu- 
matoid arthritis. This property was previously 
demonstrated for NIM, which reacts with HOC1 
but also with 'OH produced in vitro by the Fen- 

[12 13 37]  ton reaction ' ' . To date, no specific mecha- 
nisms were proposed to explain the antioxidant 
activity of other NSAIDs such as ACLO, DICLO 
or INDO [38'39]. Furthermore, no informations are 
yet available concerning the reactivity of these 
NSAIDs with peroxynitrite, a newly identified 
and highly reactive ROS. In this work, we show 
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that NIM, ACLO, INDO, 4-HONIM and 4-HOA- 
CLO, decreased chemiluminescence resulting 
from the activation of PMN, and that NIM and 
4-HONIM were already active at 10 ~tM, a clini- 
cally relevant concentration (29). Neutrophil 
activation leads to the production of many 
ROS. [40-42], which may contribute to the 
enhancement of CL observed when neutrophils 
are activated. By ESR, we observed that the free 
radical species produced by the activated neu- 
trophils was mainly the superoxide anion since 
SOD reduced for more than 90 % the ESR spec- 
trum intensity (data not shown). The DMPO-OH 
adducts that we observed were thus likely to 
derive from the decomposition of the 
DMPO-OOH adducts, but we cannot exclude 
that a minor part of these adducts derived from a 
direct scavenging of O H  (produced by a "Fen- 
ton-like" reaction or by the decomposition of 
peroxynitrite). The inhibiting effects of the 
drugs, especially NIM and 4-OH NIM, on the 
activation of the neutrophils were obtained at 
lower concentrations in the CL assays compared 
to ESR. But in the ESR studies, the free radical 
species produced by the activated neutrophils is 
mainly superoxide anion. Higher concentrations 
of NIM and its metabolite seem to be needed to 
inhibit this particular radical. The CL of acti- 
vated neutrophils results from the total ROS pro- 
duced by the cells and among these ROS, there 
are non radical species such as HOC1. As the CL 
method does not allow the identification of the 
ROS species targetted by NSAIDs, and to iden- 
tify which of these ROS were scavenged by the 
drugs, we used three different in vitro methods: 
chemiluminescence generated by HOCI, the 
kinetics of peroxynitrite decomposition and the 
lipoperoxidation of linoleic acid induced by 
ascorbate/Fe 2+, a system which produces ferryl 
radicals responsible for triggering lipid oxida- 
tion. 

In the model of CL induced by HOC1, NIM, 
4-HONIM and 4-HOACLO showed a 
dose-dependent inhibiting effect whereas INDO, 
DICLO and ACLO were without significant 

effect. This higher reactivity of NIM and 
4-OHNIM may be explained by the presence of a 
sulfonanilide function (figure6, structure 1) 
which is more susceptible to react with HOC1 [43]. 
All NSAIDs, excepted ACLO, were active in the 
lipid peroxidation model indicating that these 
drugs interact with the production of the ferryl 
radical. Two hypotheses can be advanced to 
explain this inhibitory effect. Firstly, NSAIDs act 
by chelating Fe 2+. This chelating property has 
been previously described for 4-HONIM [131. 
Indeed, it is highly probable that NIM chelates 
Fe 2+, hindering it to participate in the redox 
cycle of ascorbate which is essential for inducing 
lipid peroxidation. The second explanation is a 
direct scavenging effect of NSAIDs towards the 
lipid radicals (ROO or RO) as previously 
reported for 4-HONIM I13]. In these two models 
of HOCl-generated CL and linoleic acid peroxi- 
dation, 4-OHNIM and 4-HOACLO were 
stronger scavengers of ROS than the parent mol- 
ecules. These data suggest that the presence of a 
phenolic structure in the 4-OH-metabolites 
highly enhances the antioxidant properties of the 
drug (Figure 6). Finally, we observed that all the 
tested drugs accelerated the decomposion of 
ONOO-, but  that NIM was the most active. In 
this model, the 2 metabolites, 4-HONIM and 
4-HOACLO, were less active than the parent 
compounds. The mechanisms of the decomposi- 
tion of ONOO- remain discussed, even if it is 
now accepted that one of these mechanisms 
involves the formation of a radical pair, N O  2 
and'OH I44]. Therefore, an explanation for the 
increase of ONOO- decomposition observed in 
the presence of the NSAIDs could be an easy 
uptake and reaction with the peroxyni- 
trite-derived radicals leading to nitration or 
hydroxylation of the cyclic part of the NSAID 
molecules. In this perspective, the higher effi- 
cacy of NIM on the decomposition of ONOO- 
could be explained by the presence of a sulfur 
atom that increases the drugs reactivity toward 
ONOO-. Curiously, the 4-OHNIM had a weaker 
effect than NIM. To explain this difference, we 
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~ CH 3 

H3CO - \ COOH 

2 

CI 

COO" Na+ 

3 

~ OvCOOH 
H 0 

Cl~il 
R N, 

FIGURE 6 Chemical structures of the tested drugs (parent drugs and hydroxymetabolites). 1. with R = H: nimesulide 
[N-(4-nitro-2-phenoxyphenyl) methanesulfonamide]; with R-  OH: 4-hydroxynimesulide. 2. indomethacin [1-(4-chloroben- 
zoyl)-5-methoxy-2-methyl-lH-indole-3-acetic acid] 3. diclofenac [2-[(2,6-dichlorophenyl)amino] benzene acetic acid monoso- 
dium salt] 4. with R -  H: aceclofenac [2-(2,6-dichlorophenyl)amino acid carboxymethyl ester]; with R -  OH: 
4'-hydroxy-aceclofenac 

suggest  the existence of an interaction of the 
4-hydroxyl  group with ONOO-, forming a 
hy d ro gen  bond that would  temporar i ly  stabilize 
ONOO- and slower its decomposit ion.  However ,  
to suppor t  this hypothesis,  more  investigations 
are needed,  part icularly to identify the products  
of the reaction of NSAIDs with ONOO-. But, tak- 
ing into account the involvement  of ONOO- in 
diverse pathophysiological  disorders and joint 
inf lammation diseases [3'2°'45], our  observations 

demonstra te  the "anti-peroxynitr i te" propert ies  
of NSAIDs. 

In conclusion, this s tudy demonst ra ted  that 
ma n y  NSAIDs possess antioxidant  propert ies  
but  that their mechanisms of action can be differ- 
ent. For example,  NIM is a potent  scavenger of 
ONOO- and lipid radicals but  is ineffective on 
O2"- Inversely, ACLO is a potent  scavenger of 
ONOO- but  does not  act on lipid radicals and 
HOC1. We also demonst ra ted  that NSAIDs may  
scavenge peroxynitr i te.  Finally, we conclude that 
hydroxy la ted  metabolites are more  potent  scav- 
engers of ROS than the parent  molecules sug- 
gesting that they could be the active molecule in 
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situ. T h e r e f o r e ,  m o d u l a t i o n  of  t h e  local  m e t a b o l i -  

z a t i o n  of  N S A I D s  b y  j o i n t  cel ls  c o u l d  b e  a n  i n t e r -  

e s t i n g  t h e r a p e u t i c  a p p r o a c h .  
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