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Abstract

The study of the interaction of non-steroidal anti-inflammatory drugs (NSAIDs) with several reactive oxygen species is of great interest in
inflammatory conditions where an uncontrolled release of these potentially damaging intermediates has been documented. This study focused
on the scavenging of three species (hydroxyl radical, hydrogen peroxide and hypochlorous acid) with several members of the oxicam family
and with the sulfoanilide nimesulide. Reaction with hydroxyl radical was assessed by the modified deoxyribose assay, and rate constants
were calculated showing values between 0.8 and 1.1 x 10" M~ "' s~ for oxicams and of about 0.9 x 10'® M~ "' s~ ' for nimesulide and
ibuprofen. These were consistent with those of the literature but in the same range as those for other NSAIDs and for several thiol-containing
molecules. The study of hydrogen peroxide scavenging by the horseradish peroxidase (HRP) assay lacked specificity but no interaction could
be evidenced by the glutathione peroxidase assay. The scavenging of hypochlorous acid was finally investigated by the recently developed
para-aminobenzoic acid assay which demonstrated better performances for meloxicam (1.7 X 10* M™' s™ ') as compared to the other
oxicams (tenoxicam: 4.0 X 10* M~ ' s !, piroxicam: 3.6 x 10* M~ ' s~ !, lornoxicam: 4.3 x 10* M~ ' s~ ') and nimesulide (2.3 x 10> M~
s~ "). These rate constants were, however, lower than those for thiol-containing molecules and ascorbate. These results suggest that the
antioxidant properties of NSAIDs could be influenced by a proper pharmacomodulation as far as the scavenging of hypochlorous acid is

concerned while the interest is quite limited for the scavenging of hydroxyl radical.

© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

The human body is equipped with a complete arsenal of
defences against external and internal aggressions. Those
against the so-called reactive oxygen species such as super-
oxide anion (O, °), hydroxyl radical (OH), hydrogen per-
oxide (H,0O,) and hypochlorous acid (HOCI) are crucial in
inflammatory and antibacterial responses where they partic-
ipate in physiological processes such as arachidonic acid
cascade and phagocytosis (Halliwell and Gutteridge, 1999).
The concentrations of these metabolic intermediates are
actually kept under strict control by the activity of a
complex defence system including enzymes (superoxide
dismutase, catalase, glutathione peroxidase) and non-enzy-
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matic species such as glutathione, ascorbate, tocopherol or
retinol. However, an uncontrolled production of reactive
oxygen species is liable to occur in several conditions
leading to a situation known as “oxidative stress” where
the highly reactive species can attack many essential bio-
molecules (protein, DNA, RNA, lipids) and even cell
structures, causing oxidative damages. As a matter of fact,
many pathological processes are initiated or aggravated by
such processes (Greene and Paller, 1991; Reiter, 1995;
Galleron et al., 1999; Kampf and Roomans, 2001).

For several years, pharmacological investigations of
exogenous compounds or therapeutical agents have focused
on a possible interaction with reactive oxygen species
(Aruoma et al., 1991; Kauder and Watts, 1996; Neve et
al., 2001) in order to assess their capacity to prevent or
minimize free radical damages to biological targets. As the
inflammatory process is typically a situation of increased
reactive oxygen species production that may aggravate the
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Fig. 1. Structures of the examined molecules.

pathological manifestations of the diseases (Halliwell and
Gutteridge, 1999), several commonly used or potential non-
steroidal anti-inflammatory drugs (NSAIDs) have been
tested as potential free radical scavengers. Their capacity
to react with some of these species and therefore to prevent
oxidative damage in vivo has also been comparatively
determined (Parij et al., 1995; Parij and Neéve, 1996; Neve
et al., 2001). More recent drugs such as several of the
oxicam family (tenoxicam, lornoxicam, piroxicam and
meloxicam) and the sulfoanilide nimesulide (Fig. 1) are
nowadays rather frequently prescribed because they specif-
ically inhibit the 2-isoform of cyclo-oxygenase, which could
imply a lower incidence of undesirable side-effects such as
gastric intolerance. It is therefore of interest to more
precisely assess their capacity to interact with the main
reactive oxygen species. This is precisely the scope of the
present study that investigates their interactions with "OH,
H,0, and HOCI, taking ibuprofen as a reference molecule
since its activity has already been largely documented in
previous studies (Aruoma and Halliwell, 1988; Parij et al.,
1995; Parij and Neve, 1996; Neéve et al., 2001). Further-
more, some structure—activity relationships will be exam-
ined and the scavenging activity against reactive oxygen
species will be discussed in comparison with literature
results for non-selective cyclo-oxygenase inhibitors.

2. Materials and methods
2.1. Chemicals and apparatus

Tenoxicam (Roche, Basle, Switzerland), lornoxicam
(Nycomed, Linz, Austria), piroxicam (Pfizer, Brussels, Bel-
gium), meloxicam (Boehringer Ingelheim, Biberach, Ger-
many), nimesulide (Helsinn, Biasca, Switzerland) and
ibuprofen (Boots, Nottingham, England) were the tested
molecules. They were dissolved in a Na,CO5; aqueous
solution at the lowest possible concentration of the alkaline

agent; thereafter, the pH of the solution was rapidly adjusted
to 7.4. Deoxyribose, para-aminobenzoic acid, NaOCl, 5,5 -
dithio-bis-2-nitro-benzoic acid (DTNB), guaiacol, Trizma
base, horseradish peroxidase (HRP) type VI-A (230-330
U/mg protein) and glutathione peroxidase from bovine eryth-
rocytes were purchased from Sigma (Bornem, Belgium). The
following reagents were obtained from VWR International
(Leuven, Belgium): KI, ammonium acetate, acetic acid,
NaCl, KH,PO, and KOH. Finally, LC analytical-grade
acetonitrile was purchased from VWR International (Fonte-
nay sous Bois, France). All reagents were of analytical grade.

The measurement of ultra-violet and visible absorbance
was performed on a Shimadzu UV-160 (Antwerp, Belgium).
The 1100 series LC system coupled with a fluorimeter from
Agilent (Palo Alto, CA, USA) was used in the para-amino-
benzoic acid assay. The chromatographic system consisted
in a flow rate of 1 ml/min, an Alltima C18 column 15
cm X 4.6 mm, 5 um with a guard column, 5 cm X 4.6 mm, 5
um (Alltech, Deerfield, IL), and the mobile phase was a
mixture of acetate buffer (acetic acid 5% v/v and acetate
ammonium 2 g/l) and acetonitrile, the proportion depending
on the drug (80:20 to 60:40).

2.2. Deoxyribose assay

The reactivity of selected NSAIDs with "OH was
assessed by the deoxyribose assay (Halliwell et al., 1981,
1987; Parij et al., 1995). The reaction mixture in a final
volume of 1.2 ml contained the following reagents at the
stated concentrations: deoxyribose (15 mmol/l), a pH 7.4
KH,PO4/KOH buffer (20 mmol/lI), FeCl; (20 umol/l),
EDTA (100 umol/1), H,O, (2.8 mmol/l), the drug (0 to 0.8
mmol/l) and ascorbic acid (200 pmol/l). All solutions were
mixed up in deoxygenated water. FeCl; and EDTA were
premixed prior to their addition and ascorbic acid was
finally added to start the reaction. After incubation during
1 hat37 °C, 1 ml of thiobarbituric acid (TBA, 1% w/v) in
NaOH 0.05 mM and 1 ml of trichloracetic acid (TCA, 2.8%
w/v) in water were added, and the mixture was heated to 100
°C for 20 min. After cooling, 5 ml of water was added, and
the absorbance of the pink chromogen formed was mea-
sured at 532 nm. The graph of 1/4s3, vs. the drug concen-
trations gives a linear plot, allowing to calculate the second-
order rate constant for the reaction of the drug with ‘OH.

2.3. Horseradish peroxidase assay and interaction of the
drug with horseradish peroxidase

The scavenging activity against H,O, was firstly assessed
by the HRP assay (Aruoma et al., 1989), as modified by
Parij and Neve (1996). The reaction mixture in a final
volume of 3 ml contained the following reagents at the
stated final concentrations: a pH 7.4 KH,PO,/KOH buffer
(20 mmol/1), H,O, (0.5 mmol/l), drug (0 to 4 mmol/l) and
guaiacol (0.01% v/v). This mixture was incubated for 30
min at 37 °C. After the addition of 150 pl of HRP buffered
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solution (0.05% w/v), the absorbance of the resulting brown
chromogen was monitored at 436 nm during 20 min for each
concentration of the drug.

The interaction of the drug with horseradish peroxidase
was studied at 25 °C by a method derived from Yamada et
al. (1991). The spectrum of the native enzyme (HRP>”,
Amax: 500 and 645 nm) was first recorded with a reaction
mixture containing 6.0 mg of native enzyme ( = 4.65 x 107
M) in 2.8 ml of 20 mM KH,PO,/KOH buffer at pH 7.0
containing 150 mM NaCl. One hundred microliters of H,O,
solution (100 pM) was then added and the spectrum of the
compound formed was recorded after 1 min and every 20
min. At the same time, 100 pl of H,O, solution (100 uM)
was also added at the reaction mixture described above and
the spectrum was recorded before the addition of 100 ul of
the drug solution (2 mM) and every 2 min.

2.4. Glutathione peroxidase assay

The glutathione peroxidase (GSHPx) assay was per-
formed according to Miles and Grisham (1994) to further
study the antioxidant capacity against H,O,. The reaction
mixture in a final volume of 1 ml contained the following
reagents at the stated final concentrations: a pH 7.4
KH,PO4/KOH buffer (10 mmol/l), H,O, (0.2 mmol/l) and
the drug (0 to 4 mmol/l). After an incubation of 1 h at 37
°C, 100 pl of both glutathione (1 mM) and GSHPx buffered
solution in pH 8.5 Tris—HCI (1 U/ml) was added and re-
incubated 5 min at 37 °C. The mixture was then diluted 10
times with pH 8.5 Tris—HCI buffer (0.2 M) and 1 ml of
DTNB in the same Tris buffer (1 mM) was added. After 5
min at 37 °C, the absorbance at 412 nm was measured.

2.5. para-Aminobenzoic acid assay

The reactivity of the drugs with HOCI was assessed by
the para-aminobenzoic acid method such as the one recently
developed by us (Van Antwerpen et al., 2004). The reaction
mixture contained in 2 ml the following reagents at the
stated final concentrations: a pH 7.4 KH,PO4,/KOH buffer
(10 mmol/l), para-aminobenzoic acid (30 umol/l), the drug
(50 to 400 pmol/l) and HOCI (29 umol/l). The mixture was
incubated at 37 °C before the addition of HOCI that initiated
the reaction. After 5 more minutes at 37 °C, 40 ul of the
mixture was injected in the LC system with a mobile phase
depending on the studied drug and a fluorimetric signal (p-
aminobenzoic acid) was measured at an excitation and an
emission wavelength of 280 and 340 nm, respectively.

3. Results
3.1. Deoxyribose assay

The deoxyribose assay is based on a Fenton reaction that
produces ‘OH in the presence of H,O, and Fe(Il). Starting

from Fe(Ill), ascorbic acid initiates the reaction by reduction
of Fe(IlT) (Eq. (1)) and the production of ‘OH by the Fenton
reaction (Eq. (2)) oxidizes deoxyribose and gives rise to
malondialdehyde (MDA, Eq. (3)). This derivative can be
determined by the formation of a chromogen after reaction
with thiobarbituric acid (TBA, Eq. (4)):

Fe’* 4 ascorbic acid — Fe?™ + ascorbyl radical (1)
Fe’* + H,0, — Fe*™ + -OH + OH~ (2)
‘OH + Deoxyribose — MDA (3)
MDA + 2 TBA — Chromogen (A s32nm) (4)

Such as previously observed by some of us with several
examined NSAIDs (Parij et al., 1995), drugs of the oxicam
family and nimesulide behaved as pro-oxidants in this
system as they were able to reduce iron(Ill). A modified
procedure therefore had to be used to avoid the interfer-
ences, and the concentration of ascorbic acid had to be
increased up to 200 pM. In these conditions, linear plots
were obtained (Fig. 2). Moreover, such as already observed
by Parij et al. (1995), the concentration of deoxyribose had
to be increased up to 15 mM. The slope of the linear plot of
1/A53, vs. drug concentrations (S) permitted to calculate the
second-order rate constant for the drugs, ks (Halliwell et al.,
1981):

1/4 =1/A4° + ks [S]/kdeoxyribose [Deoxyribose]4° (5)

In this equation, ks and Kgeoxyribose are the rate constants
for the drug and for deoxyribose, respectively, A is the
absorbance measured when the drug is present and 4°, the
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Fig. 2. Effect of meloxicam in the deoxyribose system with 15 mM
deoxyribose and 200 pM ascorbic acid. Each point is the mean value of
three independent measurements.
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absorbance when no drug is present. The ks can be calcu-
lated from the slope by replacing kgcoxyribose DY its experi-
mentally determined value, 3.1 X 10°M ™ 's! (Ebert et al.,
1965). Table 1 gives the experimental values obtained with
the different studied drugs as well as several literature
values for comparison.

3.2. Horseradish peroxidase assay

The horseradish peroxidase system is based on the
oxidation by H,O, of the native enzyme (HRP®™) into
compounds I (HRP° ") and II (HRP*™). The first is very
unstable and rapidly transformed into compound II. A
substrate that reacts with the last compound restores the
native enzyme. In the selected system, guaiacol acts as a
substrate giving an oxidation product absorbing at 436 nm.
Any compound added to the system and able to react with
H,0, will decrease the colour formation by reducing the
quantity of compound II. The following reactions take place:

H,0, + HRP** — HRP>* + H,0 (6)

HRP*>" (compound I) + guaiacol S HRPH (compound II)
+ Ox. Guaiacol (7)

HRP*" + guaiacol - HRP*" 4 Ox. Guaiacol (8)
slow

Before any measurement, it is important to check the
possible occurrence of a direct interaction between the

Table 1

Second-order rate constant 10'® M~ ' s~ ! of the reaction of NSAIDs with
"OH determined by the deoxyribose assay using two different ascorbic acid
(100 or 200 uM) and deoxyribose (2.8 and 15 mM) concentrations

Drug This study  Literature
15 mM, 15 mM, 15 mM, 2.8 mM,
200 uM 200 uM 100 pM 100 uM
Ibuprofen 0.86 + 0.06 1.3+0.1° 15-1.8°
Tenoxicam 0.84+0.02 08+0.1°
Lornoxicam 0.99 +£0.07%
Piroxicam 1.1+£0.1Y 1.17+0.04° 0.5-0.7°
Meloxicam 1.1+£0.2
Nimesulide 0.87 £ 0.08
Flurbiprofen 0.78 £0.09* 0.840.1*
Naproxen 1.119 + 0.006* 1.2-2.2°
Flufenamic acid 2.94+0.07* 1.3-1.9°
Indometacin 1.8+£0.1°  1.0-1.2°
Niflumic acid 1.7+0.2°
Captopril 3.6+0.2°
N-Acetylcystein 1.4-2.3%
Nacystelyn 1.9+0.2¢

Mean + S.D. for at least three daily measurements; ¥ is significantly
different than ibuprofen, tenoxicam and nimesulide (P<0.05); * is
significantly different than tenoxicam (P <0.05). Literature values are
from (a) Parij et al. (1995), (b) Aruoma and Halliwell (1988), (c) Aruoma et
al. (1990), (d) Vanberbist et al. (1996) and (e) Aruoma et al. (1991).

studied NSAIDs and the enzyme. Indeed, some drugs can
directly interact with compound II, making the assay com-
pletely unsuitable (Yamada et al., 1991; Parij and Néve,
1996). This was precisely the case for the presently exam-
ined drugs. Comparison of the time needed for transforma-
tion of compound II into the native enzyme in the absence
or presence of drugs showed that about 2 h was necessary in
the absence of drugs while the same phenomenon only took
a few minutes in the presence of drugs. The demonstration
that compound 1II is able to oxidize the drug renders the
method inadequate.

3.3. Glutathione peroxidase assay

Glutathione peroxidase (GSHPx) has an absolute speci-
ficity for glutathione (GSH), which is an electron-donating
substrate in the reaction with H,O,. Other compounds
would theoretically not interact with this enzyme, which
ensures the specificity of the method and avoids problems
described in the horseradish peroxidase assay.

H,0;, +2 GSH —  H,0 + GSSG (9)
GSHPx
GSH + DTNB — TNB + GSTNB (10)

According to Miles and Grisham (1994), the quantity of
GSH consumed by the reaction can be indirectly measured
by DTNB which gives rise to 5-thio-2-nitrobenzoic acid
absorbing at 412 nm (Egs. (9) and (10)). The possible
interaction of NSAIDs with H,O, will therefore attenuate
the oxidation of GSH and increase the absorbance. The
application of this assay to the studied NSAIDs showed no
interaction with H,O, (200 uM) for concentrations around 4
mM. The activity of the drugs against H,O, can therefore be
considered as undetectable in these conditions.

3.4. para-Aminobenzoic assay

para-Aminobenzoic acid interacts with HOCI to produce
3-chloro-4-aminobenzoic acid (She et al., 1997). This reac-
tion can be monitored by fluorimetry. It has been developed
to assess the antioxidant activity of some NSAIDs that
interfered in existing procedures for assessing HOCI scav-
enging such as the taurine chlorination system (Van Ant-
werpen et al., 2004). A competition is installed between
para-aminobenzoic acid and the drug for HOCI, which can
be expressed by:

1/(Int° — Int) = 1/(Int° — Int/ ) + ks [S]/kpABA
x [PABA] (1/(Int° — Int )) (11)

In this equation, k5 and kpapa are the rate constant of the
reaction of NSAID ([S]) and para-aminobenzoic acid with
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Table 2
Second-order rate constants (M~ ' s~ ') for the reaction of NSAIDs with
HOCI

Drugs p-Aminobenzoic acid method®  Literature™®

ks, pH 7.4 pH ks
Ibuprofen ND
Tenoxicam 4.0+0.7%10°
Lornoxicam 4.3 +0.7 x 103
Piroxicam 3.6+ 0.7 % 10°
Meloxicam 1.7+ 0.3 x 10**
Nimesulide 2.3 + 0.6 X 10*
Taurine 70 48+0.1x10°°
Glutathione 74 >107°°
Thiols 74 >107 °¢
Ascorbate 74 ~6x10°°
Methionine 120 ~2x10*¢
Cysteine 120 ~2x10°°¢

ND =No interaction detected.
Literature values are from (a) Van Antwerpen et al. (2004), (b) Folkes et al.
(1995) and (c) Peskin and Winterbourn (2001).

“Is significantly different (2 <0.05).

HOCI, respectively, Int°® is the relative intensity of para-
aminobenzoic acid without HOCI and NSAID, Int' is the
relative intensity of para-aminobenzoic acid when it is
oxidised by HOCI in absence of drug and Int is the relative
intensity of para-aminobenzoic acid when it is oxidised in
the presence of the NSAID.

The graph of 1/(Int® —Int) vs. [S] gives a linear plot
where the slope depends on the second-order rate constant
of the NSAIDs. The rate constant &, can be calculated from
this slope since the provided kpspa is known (4.3 X 10°
M~ ! s ') (Van Antwerpen et al., 2004). However, as
numerous oxidation products interfered on the fluorimetric
signal, a LC procedure was developed to separate the
different products and the method was validated. Table 2
assembles the values of the second-order rate constant for
reaction of NSAID with HOCI in the conditions discussed
above. Meloxicam appears as a significantly (P <0.05)
better antioxidant than the other oxicams that have quite
comparable antioxidant capacities and nimesulide, which
significantly (P<0.05) is the weakest antioxidant of the
studied series of drugs. Ibuprofen has no detectable activity
against HOCI.

4. Discussion

The rate constants for reaction of tenoxicam and pirox-
icam with ‘OH are comparable to those obtained by Parij et
al. (1995) who used a similar procedure. The lower value
obtained for ibuprofen could be explained by the different
amount of ascorbic acid presently used (200 uM) instead of
100 uM in the previous study (Table 1). Indeed, the pro-
oxidant effect of the studied drugs obliged us to increase
the concentration of ascorbic acid up to 200 uM, which
decreased the rate constant for ibuprofen. Table 1 shows
that oxicams have experimentally determined rate constants

in the range 0.84 to 1.1 x 10'° M~ ' s~ !, while nimesulide
has a rate constant of 0.87 x 10'® M~ ' s~ . Piroxicam has
a significantly (P <0.05) higher antioxidant activity than
tenoxicam, ibuprofen and nimesulide. Moreover, lornoxi-
cam appears as a significantly (P <0.05) better antioxidant
than tenoxicam. However, the range of the determined rate
constants is not very widespread and the values are quite
similar to the ones previously determined for other
NSAIDs and for molecules containing a free thiol group,
i.e. from 0.8 t0 3.6 x 10'* M~ ' s~ ! (Table 1) (Aruoma and
Halliwell, 1988; Aruoma et al., 1989, 1991; Parij et al.,
1995; Vanberbist et al., 1996). Such a statement is rather
astonishing considering the different structures. Indeed, the
molecules containing a thiol group would have been
expected to have remarkable antioxidant capabilities linked
to their transformation into sulfoxide or sulfone by the ‘OH
(Barnes et al., 1996). A lower reactivity would be linked to
the attack of the aromatic ring of NSAIDs of the arylacetic,
arylpropionic or indolic acids as well as of sulfoanilide
such as proposed by Marusawa et al. (2002). Concerning
oxicams, a radical attack on the thieno-thiazine (tenoxicam)
or benzothiazine (piroxicam) rings is proposed together
with a breakage of the enol function, as expected with an
intermediary reactivity (Gaudiano et al., 2003; Facino et
al., 1996). An attempt to classify the different drugs
according to their reactivity with "OH would give the
following classification: thiol-containing molecules>oxi-
cams>other examined NSAIDs. However, this reactive
oxygen species actually seems to be one of the most
reactive and this quite independently of the chemical
structure of the scavenger.

The scavenging of H,O, was measured by the horse-
radish peroxidase and the glutathione peroxidase assays.
The first one is based on the oxidation capacity of this
hemoprotein to oxidize many electron-donating substrates
(e.g. guaiacol) chosen as detectors in the presence of H,O».
When dealing with this assay, an interaction of the drugs
with H,O, could actually be observed but, such as previ-
ously mentioned for other drugs (Yamada et al., 1991; Parij
and Neve, 1996), all derivatives directly reacted with
compound II, therefore making the assay completely un-
suitable to our purpose. The GSHPx assay was then used
as a highly specific method for the determination of
interaction with H,O,. The assay is based on the specific
oxidation of GSH in GSSG and the enzyme has an
absolute specificity for its substrate. In these conditions,
no interaction of the drugs with H,O, could be detected
suggesting that they do not react with this reactive oxygen
species in physiological conditions. This is not the case for
thiol-containing molecules that interacted with a first-order
rate constant of 0.009 to 0.03 min~ ' (Vanberbist et al.,
1996). The present results further illustrate the weak
oxidation capacity of H,O, since none of the examined
NSAIDs (Parij and Néve, 1996), and even those possessing
an enol function (oxicams), is able to react with this
species.
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The scavenging of HOCI was assessed by the para-
aminobenzoic acid method based on the oxidation of this
compound into a chlorinated product, 3-chloro-4-amino-
benzoic acid (She et al., 1997). This property was used to
measure the interaction of drugs with HOCI by a simple
chemical competition, and the second-order rate constant
for the reaction with HOCI could be calculated and
compared. Tenoxicam, piroxicam and lornoxicam have
no statistically (P>0.05) different second-order rate con-
stants. This has to be related to the oxidation of the C3-
carbon of the molecules (Ichihara et al., 1985; Van
Antwerpen et al., 2004). Meloxicam has a significantly
(P<0.05) greater rate constant than the other molecules of
the same family even if the mechanism of the reaction is
similar. Ibuprofen shows no detectable interaction with
HOCI while nimesulide has a significantly (P <0.05)
weaker antioxidant ability. This is linked to an oxidation
on Co6-carbon of the molecule, which gives rise to a
chlorinated product (Van Antwerpen et al., 2004). As
compared to thiol-containing molecules, which have sec-
ond-order rate constant values higher than 10" M~ ' s~ !
(Folkes et al., 1995; Peskin and Winterbourn, 2001), the
presently determined constants (ks between 2 x 10° and
2% 10% are very significantly lower, demonstrating that
examined oxicams and nimesulide are poor HOCI scav-
engers. This difference is clearly linked to the presence of
the free thiol function (Folkes et al., 1995) when other
NSAIDs from the arylacetic, arylpropionic and indolic
acids showed no interaction with HOCI (Neéve et al.,
2001), suggesting they are not physiological scavengers
of this species.

In conclusion and as far as the presently examined
chemical structures are concerned, it seems obvious that
oxicams are more reactive against reactive oxygen species
than nimesulide and ibuprofen. This statement is not so
pronounced for "OH scavenging and the absence of inter-
action with H,O, brings no further information concerning
this reactive oxygen species. More interesting is the scav-
enging against HOCI since a substantial difference was
observed between the oxicams and nimesulide. A further
investigation of their oxidation products clearly demon-
strates the importance of the enol function (Ichihara et al.,
1985; Van Antwerpen et al., 2004). The oxidation by HOCI
was carried out on the C-3 carbon of oxicam with a faster
rate than the oxidation of nimesulide, which is a radical
attack on the C-6 carbon giving rise to a chlorinated
product. Nevertheless, the values of rate constants demon-
strate that even if the investigated NSAIDs exert a signif-
icant effect at physiological concentrations, i.e. those
inhibiting cyclo-oxygenase isoform-II (Warner et al.,
1999), they remain poorer scavengers as compared to
thiol-containing molecules. Therefore, there is a clear inter-
est to investigate the pharmacomodulation of anti-inflam-
matory drugs in order to improve their interactions with
reactive oxygen species and this mainly in relation to the
scavenging activity against HOCI.
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