
Another point of interest emerging from these experi-
ments is that furosemide administered by aerosol in
combination with the anti-inflammatory compounds
here considered turned out in a positive interaction in
protecting guinea-pigs against anaphylactic respiratory
crisis. In particular, for each combination (FRU + NIM;
FRU + ASA; FRU + INDO) the ratio berween the ex-
pected EDtt-t (calculated under the hypothesis of addi-
tivity) and the observed EDrzs resulted > 1, indicating a
synergistic interaction between the two compounds pre-
sent in the mixture. This could be explained primarily
by a better control of anaphylactic mediator release and
by a sustained interruption of the amplification mechan-
ism brought about by histamine and TXA2 during the
respiratory crisis. Taken together, these results emphas-
ize tha| NSAIDs given by aerosol may represent a valu-
able approach in the treatment of acute immune bron-
choconstriction of the guinea-pig, and support the en-
couraging clinical f indings of Bianco et al. [18]. It so
happens that furosemide and acetylsalicylic acid given in
combination by inhalation were reported to be effective
in an addi t ive wav against  acute bronchoconstr ict ion in-
duced in man by hyplrtonic saline and allergen [20]. The
question of the effectiveness of both furosemidè and
NSAIDs in the anaphylactic bronchoobstructive phe-
nomenon is rather stimulating and iustif ies further in-
vestieations.
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Dtffnrential Inhibition of Saperoxide, Hydroxyl und Peroxyl
Rudiculs by lt{imesulide and lts Main Metubolite
4-HydroxJ)nimesalide
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Summary
The superoxide cmd hydroxyl radic'al scavenging activi-
t ies ol 'nimesulícle (CAS 51803-78-2) and its main me-
tabolite 4-hydroxynimesulide (CAS 109032-22-6 ) xtere
investigated by Electron Spin Resonant'e (ESR) spec-
troscopy, with the spin trapping teclrnique. Hydroiyni-
mesulide is a good scavenger o.f'hoth O;- (lcs, = 40
pmolll) and HO" ( ICso = 54.8 lmolll) radicals, and its
high reuctivity tuwrds HO" wus conlirmed bl, the rute
constant for reaction yvith HO" (K - A.g , i7t" nrol-l

1 0

I t-') rletermined hy contpetition kinetic studies v'itlt
5,5-dimethyl-l-pyrroline-N-oxide. Nimesulide, whic'h
has heen shonn by ESR to be inactive as a superoxide
quencher, ltas a rale constant of' reaction vith HO"
slightly greater than that o./' íts metaholite (3.3 x l01t
ntol-| I t-'). In the HO"-induced peroxidation oJ'phos-
phatidylc'holine ( PC ) liposomes, both compounds act as
potent preventive antioxidants, but the HO" entrapping
capac'ity oJ'the parent drug w,as again greoter than that
o./ hydroxynimesulide (ICs,, 2.12 vs 3.84 Ttmolll). The



metabolite ís al'ro a potent scdtvtgng* ,J the peroxyr racr-icul. t ROO' ) in rhe propugorion" phrii'it' i;ò"'í)ro.ri
tlurion. ( markerco,1tiy'sqti/'diene.s i, ,, irt, i, iòr,,2') 67pmo.ll.l: at 5 pmtilll il indu.es, u lag rirne in thé"rteir,,n_
posirion o.f , 

pC hy.drg,peyoxide.s (FC_OOn) *io-àar_
tt)'dtc . prorructs r/ atr h ronger than in íhe contror,y
l!:::(rr:, ;opuSated tlienes"anct rorat ror:io*í 

"lUnr_
r:olsl ^r! f, tiposomes, in the pre.eence of piefórmert
PC-OOH, the metab.olire -pret'ents f C irr'io,iirioiio,,s,timularetl by.5 pnglll Ft,:+, viu tht, Fr,n'rin'ii)',llri,,,
(,marker:,9on.Ìuggyld 

.dienes), at the nticrontolctr level(^!.^Lrt,).;..!l yy:il!) .rhrough an anri-free rctclical acriliry
and a Jrec iron ch.elating lnechani,sm. H1,61yo-rynintesul-
ide in .fact interacts wlth Fe2* iort.c, giving rise to astrong.comple.r. wit,h u.ttubil ity con,îtunt t iì,g X1 ìrt i_
mutcd to hc around Blg.
In uddition, .hyú.o,r1]ninrcsylide e/Jicientll, protects exvivo ,ry,nouiul ,fluitl lipi,t.s /i.om rti'e o.rirtririrl, .rtiii., in_ayce.d b1' f c-*lu,rcLt,rbate. ulready at t0 lttrtolll lmurker;thioharhituric: ac'id reacÍive .subst,nce.s). The,s;e risutts
prov ide ev iclenr: e .f o r s t ron g u n I io x icl tm t',, n rt iiói- r,lr-i r,, -mg prope.rtie.s o.f 4-ltydros.ynimestilide, y,hich can 'ct
yf :,: 

g i 
:, 

i  
: '  
u 
! 
l.t,tr i t h .r h c .s p e t: i 1 i c H O" . .s.c u v e n g i n g u,r i i  i  r yo.l ut( pur(nt drug in preventing urtd lintitìng in yit,tt tlit,

.1rcc rucrr.ar-madiuf t'd ri,s.sut, tlomugt, in futih ut.ttrt, and
chronic inflammatory situat i ons.

Zusammenfassung
f!.gmyung vo_n Su p eru:.i /-, H y d rttx 7, l_ un d perox 1, l_ Ra_dikalen durch Nimcsulicr uncr' seinen Huuptmeliír,nìrn
4-Hydroxynimesulid

?:r, !,.g::sch .4l1en von Nimesutict (CAS 51503_75_2)
und sertent wichtigsten Metuboliten 4-Hydroxynimesu_
lid (CAS I0982:22-6) uts Ractikutfti;í;; 

-;,',;,"i';;;,

orr,i(- untl Hydntxyl- Rudikul<tt rrridr,,,'-i,,ii Uiili"i'rt*
LtekÍron,cn-Spin- Ratotun: f E"SR ) _Spek t roskopió unt (,rvern cndung der Spin_Trapping_Technik untersucltt. Hv_
aro.,yntm.sulid ist _ein guter RadikalJtinger sowoht vón
O 2" 

- - Radi ku I e n ( H emm'konz e nt ra t i o n' H K r,, _ iO ir, * o tl t )ul,s uuch wn HO"-Rudikttlan ( HK.11= 54.g")'tm,,lll'). ir,,ìrc.sÍurke Reuktivittit hci HO" rrr,r,ì,i', ,lurr'i',/iì ór,'irlìr"i)
dig,k,eitskons,Íunt(, der Reoktictn rnit HO" (K-= S, I 

"l(l' 
,' mol-' l,:t-'_)_, die unter Venrendung von 5,5_Dime_

t h y | - I - pyr ro I in - lv -o x id he s t imm t w urde, h e s kit i s t. rv irne -

sulid, das bei Superoxicl keine RuctikatJàngerwirkung
z_e_ig1e, wie ESR- Untersuchungen nrgoÉrr," tueist hei
H o" e in e Re a k t i o n s ge s c h tr i n r ri g k e i t s tionti t u' n t e 

"il'f 
, ctie

etwustg,rò/fr ul.s dia seine.t Mtiuboliren i.sr (3.j 
"'tòitrygt-' ! t-,). Bei der HO._induzierten peroxiiation vrn

!lolyhgtidllcholin 1 p C ) -Lipo.\otnen erwiesen,sich beide
verhindungen uls ellektivi Anrioxiclantíen, rti"" 

"À"r-

rytngyultstanz ervvies,sich .jedoch wierler ats' dir-hei.r"r,
Radikalcinger im Vergieich :u Hydroxt,ni*i.runa( HK511 2.I2^gegenúhcr j,84 lttnolllt. n. Uirinìtii i*
uudt h(ttn pcroxvrtudikt!r.r Roo" t in trt,r propagation.s-
p_ltuv,lcr pC-paro.tidution ( Murkcr; i,,,ìiiiir,.re
D_iene ) t,in .rtnrk 'irk,surter. RudiktrlJtinigrr,,'i'il'iìr*
HKxt= 2.,67 pmolll; Bei 5 trtmolll hewírktIs eine-Wizò_
S.e1y7tS.Lp^\qse beùn Abbàu von pC_Hyttr:opiro.ri,ln,
( PC-.ooH ) :u Aldeltl'dverhintrungen. tria'dunn qo ti ian-
g_er dauert als bei de1 Sontrg.llen'' ( Markrri ionjrgiirr,
Diene ttnd gesumte Curbrnl'tJunkrìonen). Bei pc-Zipo-
sonlen verhinclert ler Metab,olit bei vo'rliegen ,orgínl-
deter PC-ooH eine ùber die Fenton-Reàkilon ilit spmolll Fe2nstimulierte pc-peroxicration ( Maiker'i;r-
jugiey,t.e D,iene) int ntikromolaren Bereic'h (HKr,, =- lZ
1y1o,lll) durch eine raclikalbinclende zt<raivittii ind rtie
B i ldu.n g / r.e i.e r E i,s.e n d rc I a r ko r n p r c x e. H y dro r yni*iil ri t ia
reagiert dubei mit dant Fe:*-Ion urtór Bitrluns ilrn,
starken Ktmplg,res mit einer Stcrhiritritslroiiiinir-i iry
K) von etwu Bl9.
Zusrit:lich schùtzt Hl,clroxltnimesulicl schon bei l0
pmo,lll ( Marker, ThióharhÌTurstiure-reaktive Sib,rtan-
:en ) ex.rirc I ipide cl-er Synovialflùssigkeit vor Fe2*lAs_
c or l t a t - i nd u : i art am O r i dat i ons.r/res.t:
D ie s.e Er ge bn is s e .l u.s s en claruuf' s c h I i e /J e n, tru lJ 4 - H vtrr u -
-rynimesulid stark antictxicrat:iv uncl eisencielutii'iiina
x'irkt- Dahei kiinnen ,cich in vivo gemein,gctm mit crer
lltsgangs.yuhs tanz uu./ grund cleren .ípez iJischer Ractiat_
J,ti n ge ru k t.i r i t ci,t .l.úr H Ò" - Rutr i k a I e .i yn t: rg i,r t i.r crt t, w i r-
k.u 1 t gy n I t i n.s i c I t t I i t I yd e r W n tl t, i d u n g o cl e r i3r, g rr,, = u n g,.r, _
dikulvermittelter Gewchs,s,tlttitrigu'ngen sttroltl bei aku-
,:!. olt auch chroni,s(lrcn Em)únriungszu.ttcinden r:rg,
Den.

Ku/ ^tuords! AnÍi-inflammatorÌes, non-steroiclul
Aufin@ . CAS 5I803-7t-) i-iy,t*tr).nirtt,sulidc. clct_
tro-n spin resononce studie,s . Meiutida'. lVimeda Nime_
sulide, metaholite . NisulitP . Ruclic,ul ,rr.oriigrrc

The abil ity of nimesulide to interfere with the release
of.9xidants (superoxide aniorr .  hypochlorou, n. iOj- i iorn
i : l i * l .g neurrophi ts I l  l_t4l  has been recenr ly corrob_
o.ratecr by studies f rom our laboratory t l5- i7 l  which
show that the drug has a direct tiee raarluì r.uí.ngrng
activity.. In two different cell free systems it"ìòtr'^u, nprevent ive anr ioxidant by speci f ic i l ly  q u.n. i ìns t1. , .
HO" radicat .  the highly réactìve speciés ; i l ;À.  b17pr"_
motinfhyd{gggn abitraction from polyunsaturut.ó futiy
acids..(PqfA), leads on one side to aciivation óipiortu_
glandins. biosynrhesis, and on the other to ò.irriul 'Ao--
lf: T:di-1te.d 

by peroxidarion of membrane pnospnólip_
rcrs.  t ts marn merabol i te.  4^_hydroxynim_esul iOe i tS.  l6 l
ahq appreciably inhibirs ioímarion of  th ioba' .ur ìur ic
acrd reactrve substances (TBARSt in metal  ion-depend-
e,nt  l ip id peroxidat ion of  microsomar menrbroné, in l ,  in-
dicating anti l ipoperoxidant intervention.

.l:?,:.,-!h.r9 $g!t be a synergistic effect of nimesulide
wrrn l ts metabolr te In su.ppressing react ive oxygen species(Ros) involved in the inhammàtory reactioni. we have

I . Introduction

l$:*l:91]] rcas^ s I 803-78-2, N-(4_nitro_2_phenoxy_
phenyl)-methanesul fonamide) is a non-steroic la l  ant i_ i i r_
flammatory drug (NSAID) with potent anti_inflarnma_
tory- ant ipyret ic and. anargesic properr ies which ìs wei l
lo re rarecr  gasr ro rn tes t ina l l y  I l ]because o f  i t s  weak inh ib i_
uon ol  prostagtandrn synthesis in gastr ic mucosa [2] .vario.us non. prostaglandin mechaiisms have b..à fru-
p-?::-i to,exptarn rrs mode of action: inhibit ion of ay hist_
amrne retease and a.ct iv i ty.  [3-5] . .b)  cytokine releaée [6] .
:l plr,, : 1.1 - Isqr..s:t i o n [ 7]. 

- 
d. r I ra re I ót _n. iiuu Li n g 

-ii. 
r or.

I . " i i ]  
synthesrs [UJ"e) phosphodiesrerase type tV acr iv_r ly [vJ.  l )  neutrophi l  myeloperoxidase act iv i iy  ; t01.

I) Manufacturer: Hersinn Hearthcare SA. pambio-Noranco,
!.us_ago (Swjrzerland). Trademarks: Auiin,in ii, 

"óH,'r"ní,, 
p,

F). Mesulid@ (8, GR, I), Nimed.') (p), Nisulùb 7òÈi. 
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investigated by Electron Spin Resonance (ESR) spectro-
scopy the scavenging activity of 4-hydroxynimesulide
against_ 02'- and HO" radicals, the promoters of l ipid
peroxidation, and using the well established membrane
model system of phosphatidylcholine l iposomes, the
scavenging activity against chain-carrying lipid peroxyl
radicals (ROO").
In addition, since it is well known that transition metals
catalyze lipid peroxidation and free iron is decompart-
mentalized from ferritin during the inflammatory re-
sponse, in the last part of the study we evaluated a) the
protective effect of hydroxynimesulide on phosphatidyl-
ò_holine hydroperoxides/F"e2*-promoted iipiA' p.ro*i-
dation and b) its chelating properties for free ferrous
tons.

2. Materials and methods
2.1. Chemicals
The organic solvents used were of analytical grade (Carlo Erba,
Milan_, t_tqly). Nimesulide and 4-hydroxynimésulide were kindly
provided by He_lsinn Healthcare SA (Pambio-Noranco, Lugano,
Switzerland). Soybean phosphatidylchol ine (PC), 2,4-dinitro-
phenylhydrazine, (+)-o-tocopherol and ascorbic acid were pr_rr-
chased from Fluka Chimica (Milan, I taly); hypoxanthine.
2-thiobarbituric acid (TBA), nitrylorr iacetic acid (NTA) and di-
e]hylenetr iaminepentaaceric acià (DETAPAC) from Sigma
Chemical Co. (Trimital,  Milan, I taly); al lopurinol f iom Janssen
(lnalco, Milan. I taly): 5.5-dimethyÍ- l-pyrrol ine-N-oxicle
(DMPO) from Aldrich (Trimital,  Milan, I taly); mannitol from
Carlo E,rba (Milan, I taly). Xanthine oxidase (20 U/ml) and su-
peroxide dismutase (5000 U/mg) were purchased fion.r Boehrin-
ger Mannheim Ital ia (Milan, I taly).
The synovial fluid used in these experiments, kindly provided
by Ist i tuto Ortopedico G. Pini (Milan, I taly), was a small  f iac-
t ion of samples (white cel l  count: 2-3 x l0a cel ls/mm3) drawn
from patients wit l i  rheumatoid arthri t is (RA) for authentic
medical purposes.

2.2. Apparatus
Spectro_photomrtric studies were carried out in a computer-
aided Perkin Elmer Lambda 16 spectrophotorneter (perkin
Elmer .  Monza.  I ta ly ) .  [J l t rasound i r rad ia t ion o l 'water  was car-
ried out with a Microson ultrasonic cell disrr-rptor Heat Svstem
Ultrasonic Inc. (New Highway, Farrningdale, Ny USnl
working,with a type Pl sonicator probe. Elèctron Spin Reson-
ance (ESR) spectroscopy studies were performed on a Varian
E-Line Century Series instrument (Varian, Milan, I taly) (X-
band.  100 kHz f ie ld  mot lu la t ion)  opera l ing unc ler  the fo l iowing
conditions: magnetic field 335 t l0 mT; microwave power 30-
40 mW: ga in  4-6. . ì  x  l0r :  modulat ion ampl i rude I  mT:  t ime
constant 0.250 s: scannins t ime 2 min.

2.3. ESR studies
2. 3. 1. HO" .ycctvenging actit,iÍ),
HO" radicals, generated by ultrasound irradiat ion (23 kHz: l5
min in a dark room at 3l t  l 'C) of deionized water were de-
tected by ESR spectroscopy, using l0 mmol/l DMPO as spin
trapping agent. The hyperfine coupling constants (hfsc) fbr 

-the

DMPO-OH adduct were measured by Mn2* in MgO, as a refer-
ence. The HO" entrapping capacities of nimesulide and
hydroxynimesulide were evaluated by taking up different con-
centrat ions ( l-100 pmol/ l)  of the drugs (CHCI.ì solut ions, dried
under nitrogen) into 1.5 ml of l0 mmol/ l  DMPO aqueous solu-
tions. After ultrasound irradiation, the samples wère immedi-
ately transferred into quaftz tubes for ESR analysis. The IC5s
values for nimesulide and hydroxynimesulide weie determined
by measuring the relative signal intensities of the radical adduct
(the h_eight of _th.e second peak of the quartet) in the presence
and absence of the drugs.
The rates of reaction of hydroxyl radicals with nimesulide and
hydroxynimesulide were deterrnined by following the kinetic
go_mpe.tition between the drugs and OMPO, accòrding to the
following protocol: different concentrations of the dùes dis-
solved in 0.01N NaOH (100-300 prmol/ l)  were added"ro l0
mmol/ l  DMPO in water (f ìnal volume 1.5 ml; f ìnal pH 6). The

t 2

development of the DMPO-OH spin adduct was studied over
a time period of 30 min exposure of the samples to ultrasound
with the signal intensity of the second peak of the DMPO-OH
adduct recorded at 5 min intervals. The peak heights were plot-
ted to obtain the kinetics of formation of the DMPO-OH ad-
duct (the slopes of the curves represent the reaction rates).
The rate constants rvere calculated as follows:

h /  ,  Kscav /HO '  [ scav ]| ] l r  |  -  -

K DMPO / HO' IDMPO]
in which r an<l R are the initial rates of DMPO-OH oroduction
in the presence and absence of the scavenger. and K scav/HO'
and K DMPO/HO' the apparent bimolecular rate constants for
the reaction of hydroxyl radicals with the scavenger (nimesulide
or hydroxynimesulide) and DMPO, respectively; [scav] and
[DMPO] represent the concentrations of the scavengers and of
DMPO in the reaction mixture. R and r were determined from
the initial rate measurements of the linear slones of formation
of DMPO-OH spin adduct, between t = 0 anà t = 30'.  The K
DMPO-OH rate  constant  was 3.4  x  10e mol  r ls - r  

[18] .  Three
independent values of r were obtained with 100-300 prmol/l
concentrat ions of nimesulide or hvdroxynimesulide and l0
mmol/ l  of DMPO.

2.3.2. SuperoxÌtle anion st'avenging ut'tivÌt.v
50 pr l  o f  hypoxanth ine (10 mmol / l  in  0 .01 N NaOH),50 p l  o f
DETAPAC (2 mmoli l  in 0.01 N NaOH), 8.6 pl of DMPO 8.7
mol/l, 50 prl of freshly prepared xanthine oxidase suspension (l
U/ml in phosphate buffer, pH 1.4) were diluted with phosphate
buffer (final volume 0.5 ml) and mixed for l0 s. ESR measure-
ments were taken afier exactly 80 s incubation at 37 'C. Differ-
ent concentrat ions of inhibitors (al lopurinol I  mmol/I ,  SOD
0.625-0.0625 mg/ml, nimesulide and hydroxynimesulide l-200
prmol/l) were added to the incubation mixture before starting
the reaction by the addition of xanthine oxidase. The superox-
ide scavenging activity of the compounds was determined as ,2,
inhibit ion of the sisnal heisht intensitv of the second oeak of
the quartet of the ÓH,tpO-ÓOH spin í i lc iuct, taking , i  100,U,
the control signal intensity, and expressed as IC51; values (mean
= S.D. of 5 cleterminations).

2.4. Radical s(:avenging activity in
phosphatidylcholine liposomes ( P CL )
PC [ 7, l9] were exposed for 15 min to a f lux of HO" radicals
generated by water sonolysis (induction phase) and the reaction
was lefì to proceed under aerobic conditions f-or 96 h. Induc-
tion, propagation (R' and ROO" radicals) and breakdown
(RO') phases were monitored by measuring conju_uated dienes
(absorbance and second derivative UV spectroscop)' at 2-33 nm)
and formation of breakdown products (total carbonl,'l functions
as 2,4-dinitrophenylhydrazones) [7, l9].  Hl, .droxvnimesulide,
nimesulicle (f ìnal concentrat ions 0.5-10 prmol/ l ;  and o-toco-
pherol (5 prmol/l) were incorporated into PCL at the beginning
of the induction and propagation phases of lipid peroxidation,
and conjugated dienes and total carbonyl f ìnct ions determined
at dif ferent t imes, according to the proiocol already published
[7, l9].  The antioxidant act ivi t l '  uas expressed as percentage
inhibit ion of f 'ormation of conjugated dienes ( induction, propa-
gation phases) and/or 2.4-dinitrophenl,lhydrazones (breakdown
phase) in respect to the controls (r ' , ' i thoLrt the inhibitors). Al l
data were analyzed by' the Student t-test and expressed as means
t SD of 5 determinations (p < 0.001 was considered signif i-
cant).

2.4.1. Free iron (ll)-dependent lipid peroxitlation
The PCL suspension was sonicated until the conjugated dienes
reached 0.7 t 0.048 absorbance units (a.u.).  10 prl  of aqueous
0.5 mmol/l FeSOa solution (final concentration 5 prmol/l) were
added to 1 ml of PCL suspension and the increase in conjugated
dienes was monitored spectrophotometrically for l0 min at
3l "C. Inhibitors (nimesulide, hydroxynimesulide dissolved in
methanol and EDTA dissolved in water) were incorporated im-
mediately befbre the addition of iron.

2. 5. Iron( II ) -hydrox))nimesulide interaction
The interaction between hydroxynimesulide and iron and the
stoichiometry of the corresponding complex was determined
spectrophotometrically by the Job method [20]. Briefly, different
al iquots of an aqueous solut ion of FeSOa x 7H2O (l  mmol/ l)



and hydroxynimesulide (l mmol/l in 3 mmol/l NaoH) weremixed and dituted with l0 mmol/l rnlS 6uifé., pÈ17, ," 
"final volume of 25 ml.

The concentration rzrtio of hydroxynimesuride/iron ranged from9 : I to I : 9 and the sum oíthe .bn..ntrot,ons was alwavs 0.4mmol/I. rhe srabiliry or the tre( r r)-hycli";t;il;r;iio!'.Ji.,pr.*
(0.4 mmol/l ar the sioichiometrìc ratiò; wàs tested ùv iitrationwìth known amounts (7.s_ s25 p,lroVtl' 

"r 
ti;-;ìr;ì";i1r;',,n.n,,N TA and EDTA, according. to H,r ar t< ieí .l .i.'iz ij. l;;' ;i Jiì;;:ing the lptical denllty a1 ihe uUroipl,on _maximum (29g nm)after  each addi t ion ( ló p l  a l iquors)  o ' f  thé Lg";d; .  

" '  ' . ' - "

2.6. A.scorbatel Fd* -induced peroxiclctÍ iort
of lipid liposomes./rom ,yroiiol Tlrii 

"

I-ip1i .^tructs from synoviar fluid were preparecl as describerrby Lunec and Dorm?.nOV tZ]l Aliquots of the chloroform
fli:r 

(each corresponding ro 3.5 mg of ripidit *.i. jiì.i"u"0.,
nrtroge.n and the l ipid f i lms *ere .óuspended in 0 g , l  Jr O._io_nized water by aÀaerobic sonicaiion fo. t5 min.
|!e 

linosomal^suspensions were incubated for 24 rr at 37 "c inthe presence of FeSOa (r00 prmovl).and ascorbic u. iJìr mmor/I) 1nd differenr concenrrarions of írmàsutiae 
";.r 

ú,rrà;;;-.-sulide (? 5-5g.pmol/l; tìnat volum. I ;ù. lh;';i;;;i;;' '*u,
stopqed^b_y att i t ion of 500.Lrl  9f 'blocking solurion t i . l  l ' fCa
1nd 0.185 g TBA in 25 mi of 0.25 N Éóli .  i l . ' t ' . . ,ú.",  *. . .
:'$l,l:$1.._d.îLd 

h.q,.o 
"t 

lbo.c ior ls ,i,,n. artèiclohngand centrr lusatron at 5000. rpm for r0 min. the amount ói ir . , io-barbituric ac'íd-reactive subsiances (TBARS) i' the clear super-natant  was derermined specrrophoromerr i .n i ty , , i  s : ) ' " i .  r l i "gan extinct ion coefl icient of 1.5ò x 105 mol- '  I 'cmr'.  rn. ' inl iui_tory effèct was expressed as ,2, inhibition of TBARs 
^ior-iiion,

sett ing the control varues as 100'2" acììvation (mean varues of-5 determinations were used fo, 
"alcuiaiion 

r.

Fig. l. Hyd.roxyl- lt{cql scavenging activity of nimesulide. The ESRspectra'of rhe DMpo-oH spin "adàuct 
i" tî. oui.nòèJÀi 

"ni"in 
tt"presence of different concentririons of nimes'ridé re--jl l.íoil i ic'= ropmol/l; D = 50 pmol/l; E = 100 pmol/l) weie recorcred after 15 min or'ultrasound irradìation.
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3. Results
J. /. ESR studies
3.I.I. HO" scuvenging ac.tivity
The direct Ho'.scavenging activi ty of nimesuride and
lyllo*v{mesulide was aetórmined'bv ESr{^ r1;iJ* rrr.
LIg: radical generared by water ronótyrìi ..u.ì.J'*itn
DMpo to. yÉld the. typicui ónrpo-óH ,pin 

-Joouct

spe.ctrum (l :2 : 2 :_l_ quartet), with identlcat nvóerfine
splitt ing consrants aN = aH ='i4.9 ó È:j: i l . ' íààitron
of nimesulide (F1s r) dose-àepe,ìa.i itrv'"rit iuit.a
DMPo-oH formatón: the conrror^ rignui À'einiif in,.n-s i ty was reduced by 3g * 2.1%t at  t  r , - -" ì l i , "Sî '= ' ) .g,X,at l0 prmol/I, 80 = i 5 o/r, at 50 pmo^l{l ;;à;;, piu.t-,.uily
negligible (100,,1, inhibit ion) àt t00 prmol/l ( lCsn = g.3
pmo.l/l; correlation coefficient = 0.9650t Find^;ìvnime_
sulide was less u:lu.-, lhon rhe por.ni aiug ií .,r i ' .ppi"g
Ho" radicals, since the concentration req-uired fo-i'50,,r,quenchin_g^of the_DMpO_OH spin adduft wasT tì_.,
gr:|!ef (IC-to = 

14 8 prmol/l; còrrelarion .o.lfi.i.nt =
0.9969), the minimal effective còncentration being 25pmdl/l (21.8,X, inhibit ion) (data not shórnj.^^
The rates of reaction of nimesulide or hydioxynimesul-
ide with Hoo were estabrished bt competitidn ,iiai.,with the DMpo spin trap; the Éimoréò"iài"iàt."lon-
stants for the reactiòns weie determined foÀ irr.-initiur
rates of DMPo-oH adducr formation rn th.;;rln..
and the absence of  the _drugs. by compet i t ive '  [ in. t i .ana lys is  (see exper imenta l ) .
As shown in Fig.  2.  compet i t ion plots were l inear wi thDorn rne compounds. and the rate constants calculated
from their slopes:
K n i m e s u t i d e / H O ' :  3 . 3  *  0 . 6  x  l 0 l l m o l - l l s - l ;
Khydroyni- . .u1; ,1. /HO": 8.9 *  2.1 x l0 l0 mol- i  L- t
indicate that both the compounds react with Ho" in fieesolution at a diffusion-conìrolled rate and that lo* .on-centrations (0.1 mmol/l)^compete successfuiiy"ritf, uvery high concenrrar ion of  the ip in t rap (  r0 mmor/r t :  r t reHOoscavensine norency of  n imésul iae' is rúgi l i ì ; ; ; i r , . ,
than that oI  l t í  metabo- l i te

[SoAVENGERI/[DMPO]
lt.g, ::,9gqpetition kinetic. prots ror the reaction of hyclroxyr radicalswith DMPO and nime.sulicte and nyaroxyniÀe*ii i. 

^itì"í, 
ur. tt.initial rates of DMpo-oH formatiorl in-ide uoren". àrà-tÀ.' i."rln.. ot.different concentrarions of the t*o .oÀpor"at. órlu i..^ìf.]"À"on, =S.D. of 5 deterrninatrons.

3. 1.2. Superoxide anion,sc.avenging activity
The 02" - generated by the xanthine-xanthine oxidase
system (chosen because the rate of superoxide produc_
t ion is unaffected by the spin-trap concentrat ion) reactedrvith DMpo to yieio oMpo_obrH ,pì; ;;;;i.^i!.og_n izable .b.y t !e characteri sr ic hyperti n. lpii r t N g Jonrìu n r,
eN = 14.3G, a0H = u.7G, dtH = tzici fz:zf6,g llThis was furrher confirmed by the fact'tirai búpo-
opH..p.roducrion was totaily pievented by iÀà uaortion
of well known inhibitors, soti or allopuií"óì,1"ìnL i"-
cubation medium-.(-daJa not shown). As shown n f,ig.
3. hydroxynimesulide inhibited rhe DMpo oòÈ uàau"t
tormatron dose-dependent ly. :  the percentage quenchings
glt. l.. spin adduct were ti. l  t t),,/,,t f i ,-óVj-,-î)S ,
| 9',1,,,at | 0 Fmolll, 4l .0 t 2.9 o/o at 50 e,.ói/ i ;;à Oó.S =
1,1."r,,,ar t00.f r,"lf l . Ar_ ?0-0 pmol/l the signal was com_pre te ly  quenched (?8  =  5 .8 .  %,1( lCsu =  40  pmol / l ) .  On the
c.ontrary, nimesulide was ineffectivè over'this .ón..rrtru-
t ion.range. DMPO-OOH quenching bv hvdràxvÀl*óruf_
roe rs crue to a drrecr scavenging effect againit the su-peroxide anion and nor to a-n rihiuitory?ff;;i óÀ tn.promoter xanthine oxidase, since (data nbt shown) uric
acid lormation r?r,n9J affecred by the compóunà^i o"V
concentration tested (l-200 pmolTl).
The evaluation of the rate constant of reaction ofhydroxy!imesulide with superoxide bv kinetió-òoÀoeti-
tion studies was imp^ossìble'because 

"Í 
trr.-eÀut,^iàul-

ity of the DMpQ-oou-g{gy.t, *hi;h ,;;u*àirry
decays-(lr31f-life 9r .s_ ar pH 5) into a trott-tàdi.ui ,p.ti.-,
and DMPO-OH [23].
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#
Fig. 3. Superoxide anion scavcnging activity of hydroxynimesulide. A =
DMPO-OOH spin adduct (control); B = 1 prmol/l hydroxynimesulide;
C = l0 pmol/l; D = 50 pmol/l; E = 100 pmol/l; F = 200 prmol/I.

3.2. Radical scavenging activity
in the PC liposomes
As previously demonstrated [17], in the HO'-mediated
initiation of PCL peroxidation, nimesulide significantly
protects phospholipids from free radical attack (preven-

0 1 2 3 4 5 6 7

Concentration (pM)

Fig. 4: Preventive antioxidant act ivi t ies of nimesulide and hydroxynimes-
ul ide in PCL (HO" scavenging activi ty).  Al l  values (means r S.D. of 5
determinations) were stat ist ical ly dif ferent from the controls (28.70 r 0.7
nmol /ml )  (p  <  0 .001) .

tive antioxidant), by dose-dependently inhibiting conju-
gated diene formation (IC-to = 1.85 pmol/l). By contrast,
the drug was ineffective as a chain-breaking antioxidant,
since there was no inhibition of conjugated diene in-
crease during the propagation phase nor inhibition of
total carbonyl function formation at the end of the
breakdown phase (main species involved lipid oxy rad-
icals) at any concentration (l-200 prmol/l).
This was confirmed in the present study, in which the
antioxidant activity of the drug was compared to that
of 4-hvdroxvnimesulide. usins a hisher concentration of
phosphatidylcholine (0.256 "mmoT/t instead of 0.064
mmol/l), to achieve a drug/phospholipid ratio closer to
the in vivo situation.
In the init iation phase, in which the HO' radical is the
main species involved [9] (Fig. 4), hydro.rlnimesulide
was less effective than nimesulide in entrapping hydroxyl
radicals (lCro 3.84 vs 2.12 pmolll): af 1 pmol/l conju-
gated diene formation was inhibited by 12.5 t 0.6 , and
2t.Z = 0.5"/u in comparison with thocontrols (18.70 t
0.7 nmol/ml conjugated dienes), by 28.4 t ?.6 ",, alld
41.3 t  1.9"1,  at  2pmol/ I ,  and by 43.8 *  2.J " /u and 65.2
* 3.2"1, at 3 pmol/l. The inhibitory activity of nimesulide
was maximal (93.2 x.3.1 "/,) at 5 pmol/l and for the me-
tabolite (1 5.4 t 3.4 "1,) at 6 pmol/I.
In the post-init iation phase, the l iposomal suspension
was kept under aerobic conditions at 37 "C for 96 h. The
increase of conjugated dienes (Fig. 5) was l inear unti l
the 6th h after to (to = 28.70 =0.1 nmol/ml, tzn = 39.24
* 0.9 nmol/ml; t4r., = 41.23 t 1.4 nmol/ml; t6h = 54.14 t
2.2 nmollml). with 4,24 = 0.35 nmollmllh beine the aver-
age rate of peroxidation. Afterwards the pócess *as
slower and the maximal absorbance value was obtained
at the 20th h (82.03 t  2.9 nmol/ml;  t . , - - - - - - )  tzon =
53.33 r L6 nmol/ml), and then plateaued unti l the
30th h.
The decomposition of PC hydroperoxides (breakdown
phase), which leads via the formation of alkoxyl radicals
to secondary aldehydic products, began after 30 h and
the absorption value had fallen to 1.82 a. u. at the 45th h
(67.41 * 2.4 nmol/ml); the loss of conjugated dienes was
fast unti l the 50th h (49.19 t 0.9 nmol/ml) and then be-
came slower, reaching the minimal value of 38.76 t 1,7
nmol/ml at the 96th h (Fig. 5). Hydroxynirnesulide, ad-
ded at the beginning of the propagation phase (t = 0),
inhibited the increase of conjugated dienes dose-depend-
ently: the lowest concentration 0.5 prmol/l prevented
formation of conjugated dienes (t:gr,) by 10.03 "/, (J6.68
x 2.8 nmol/ml) ,  i  pmol/ l  by 20. tOì i ' ,  ( l '1.31 r  L9 nmol/
ml) ,  2.5 pmol/ l  by 46.10 " / ,  (51 .44 r  0.9) and 5.0 pmol/ l
by  58 .15 . '1 ,  (51 .02  t  1 .4  nmol /ml ) .  w i th  an  IC5s  =  2 .61
pmol/l. l0 prmol/l did not produce significantly more in-
h ib i t ion  (63 .1  "1 , :48 .38  t  1 .5  nmol /ml ) .
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Fig. 5: Time-course of conjugated dienes in the propagation and breakdown phases of l ipid peroxidation in PCL: chain-breaking antioxidant act ivi ty
of hydroxynimesulide. Hydroxynimesulide and n-tocopherol were added to PCL at the start ing of the propagation phasc. Values are the means +
S . D . o f  5 d e t e r m i n a t i o n s ( s t a n d a r d d e v i a t i o n s i n t h e t e x t ) .  C C o n t r o l .  I 0 . 5 "  V  1 . 0 . O 2 . 5 .  *  5 . 0 .  ̂  1 0 . 0 p m o l / l : l v i t a m i n  E .
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ll :lt the^samples protected with hydroxynimesulide theplateau ot coryugated dienes was róacheà later than thecontrot  ( t  = 25 h for  0.5 pmol/ | .  r  = 30 h lor  I  ana Z.Spmol/l vs r = 20 h for rhe contr.ol) and tirl .nJiì *u,much-more pronounced with the highési 
"o""é"iàion,(5 and l0pmol/l), with which the conjugared dienes pla_

teaued only after a5 h (Fig. 5).
The same was observed in the breakdown phase:
h.ydroxynimesulid,e, ( |-t 0 p,m.ot/tr siÀ"ird;iy' OSiry.othe beginning of phosphatidyrchorine- hydffióío*iàà a.-composi t ion (c-ontrols r  =: t i  ht :  by 15î f r '= 45 t iat  rand 2.5 pmol/l and by 40 h (i ='70 h) ; tn. t ígn.rt
concentrations.
At the last observali-o1 time (t = 96 h), absorbance fbrconjugated dienes fell to control leveíó ir-iÀé-òiz.s
pmol/l prolected sa-mples, while ir was still hrehei in tir.presence of 5 or.l_0 pmol/l hydroxynimesulid?'iOfj.:S =3.1 and 64.21 = 3.1 vs 38.76 í t. l  i-ori- i l .  r" 'àó.t.a_
ance with these fìndings. riydroxynimesulide irrniuit"a
the. decomposi t ion.  of  feroxidized phosphar iavrcnót in.
(c le te rmrned as  to ta l  carbonv l  l ì rnc t ions tón ly  a t ' s  ano lopmol/l: total carbonyl functio.rs were 30.4 ,n i"a11'.g,'r,
lower than in the cóntrols (47.15 t  2.7 u",a ++.gi  l : . f
vs 67.78 x 3.4 nmol dinitrophenylhydrazóner/-ù. 

-

A1 equ imolecu la r  concenr ra t ion i  (5  pnro l / l ; ,  the  tvp ica l
chain-breaking antioxidant tr-toiopi!;i ;;;"rìi{ntry
more potent than hydroxynimesulidè in restrainins-botrì
the. pro.qggation and bre"akdown pt ui.i-óÌt pó^i.r".i-
dation (Fig. 5).

ffL83it'i.ii:1éi"{:lqi1t?î1,"ì"*lulTlHàffi Í?:ffi "1FeSo+; C = PC-OOH-* Tglr(5- prmol/l); n = Fi_Oòrí'iF.SOo *rnannitol(100 mmol/l); E = pC_ÒoH + F.eSóo + CHsoH iLoo _rnlyìr.

nmoles conjugated dienes/ml

0  t  5  m i n  1 0

Control

2.5 pM

5 p M

1 0  p M

25 1tM

50 pM

3.3. Inhibition by hydroxynimesulitle oJ' iron( fI ) IPC-ooH-ampti/ied tipití peroxictctrioií ii p'òl
catalyt ic i . ron concenlrat ions st imurate I ip id peroxi-
dation bv decomposition of ripid trvoi"ò.rr;Tà;, íà orr,-oxyl radrc{p. thloygh a Fenrbn-ririe r.àii ion-Àbòu *
re- --+ KU" + l-9.- * HO- [2a]" in which alkoxvl rad_icals are rhe mai.n species ihìóìued. É;;;;;;,''r...nt
studies [z]. zel jndicatè rhat during the i-n-inar.ào a.-composrtron of l ipid. hydroperoxides. hydroxyr radicars
are.also generated-:  rh i í  was evident f rom oui  ESir  .*-penments.  As shown in Fig.  6 (A).  the addi t ion of  f reeiro.n (5 prmol/l O.,!Oo, to pfiotphotidylchàìrnà nyOirp.r_
oxid.es (obtained 

Qv exposure of pCL'ió ,t;;;; i i j  irrr_diation unti l the formàtion of 25.92, l.tt i  ;;of'Joniu-
gated dienes/ml), resurted in the fo_rmation oi irr. tvpÉ"rDMPo-oH raéicar spin adduót. wrrèr-i;il'iridl"p.r-
oxides or Fe2* ions were omitted, 

"" 
óM-pó-oÉìoìi.or

adducts were detected. No adduct formation-*ui ou-served when native instead of peroxidized pò" *o,treated with iron and when Fe3*'insteàl;f pii *o,used, as c3talysJ_€ig._6, B-C). This lasie"iaù.. indica_
tes that the DMpo--oH adduct rormarion *i, nóì au.to a uucleophil attack of water on the Fe3*-óMpo 

"om-ptex ( l -e ' -  ar ises f rom the reduct ion of  hydropeio* id. ,
Qy F.'* | t2Tl.G.enerarion ol Éyoioxyl radlcali '*u, t.ur_rner conrrrmed by_the addi t ion of  typicar Hoo scaven-gers (Fig. 6, D-E): 100 mmoVl mannitoi *-pÈt.ty
eradicated the DMpO-OH signals; ln rne presence of
lOp, gmol/l CH.ìOH the four-iine spectrum'of DMPO_
ur-r  crrsappeared. and the typical  s ix- ' l ine spectrum (aN =
15.8:  aH = t2.8.6 G) ot  ìne 2_hydroxyr. iÀui_sS_oi_
methyt- I -pyrrotidilylo*y ( DM po_óu.o'Ét-;;úi.;i- a,t_duct was f,ormed [26].
$,:19y" i.n, Fig, 7, rhe iron-induced decomposition ofnyoroperoxlde, vla generation of RO. (main)/HO" (mi_
nor)  radical  species.  grear ly sr imulared rhe b; ; ; iof  pC
peroxrdatron. l  he krnet ics of  the increase of  coniusated
9j.r-.r pro-ceeded with two di rreren i iat;;' ù; 

-firri *i3'r 
u,t(0_.57 * 0.l l a. u. / nlin..correspond-g ó tÀ"'for-utio,

of 21.06 * 0.76 nmollmllmrn),iin.. iíinuoGr;i",;';ur_
sive formation .ll:,-(gli rhen of nOò"-spéli.ri i."^the reaction of RO./HO" radicals *ltÀ Cír- i= îuìiu.PC):

Fig. Tt.Kinetics of iron/pc-ooH-amprified lipicr peroxidation in pcl:
protcctive efl-cct of hydroxynimesulidi. Hydròxynimesulià. 

-r"ur- 
in"u._poratcd in PCL immediaterv berore tn. uaÉttion';a F;só;(5 rr-"irir.

a )  R O ' + R H - R o
b ) H O ' + R H - R o
c) R' 1 Ou --- ROO'
d) ROO' + RH - R"

The.second.phase.is. slower (q.016 = 0.004 a.u./min; 0.5g* 0.15 nmol/ml/min) s ince. R" is pro_d.uced óniy in iorgn
c) and d) react ions.  As shown in Fig.  j  and Tabìe"r ,
hyd roxynimesu lide do se-dependentry i"nrriui.J tt .lrorr-
amplified Ìipid peroxidation: the ràte of formaiion of
conlugated dienes.in the f,aster phase was lowered at the
lowest concentratio-ns \2,5. 5 

^prmol/l) 
by ti. i% and

2.6;9 %,.(11.43 t  0.56 and r5. i9 t  o.r :  ímóVmtlÀint  ana
this effect was more pronounced at ttre trigtrei 

"o".J"tru-tions: 41.2,'/u at 1,0. lmoll l ( l?]g t l. l4lnmoVÀilminj,
61 7'/? ?t?t pmol/l_(8.06 t '0.91 nmol/ml/m,rl, 

"rJ^pfé_!91ued (6?16 %) ?l,.s0Jmol/l (6.j0 = 0.59 n-iiV-r7óin;
(19:u = 17 pmolll). Because of the ,-att àÀàunts of
HO' species involv.e$ a1a the specifì. HO; qi*tf,ing
capacity of.nimesulide, the drug was active uut'Ér-ituí
its metaboljp. applo-ximatery bi one order or maeniiuoe
1l ! l .q 

= t iU.pmol/ l ) :  minimal ef fect ive concen-trar ion
(ll ' / : ' .  reductton) 50 pmol/l and maximal inhibit ion
|  /  / .3 ' / "1  a |200 pmol / l  (Tab le  l ) .
These fìndings clearly luggest that hydroxynimesulide
nrolelt^s,Jjryp peroxides fròm Fe2* srreés, eitÉer tt ióugh
an Ro'/Ho'and Roo" scavenging effeci o. àli ion.t.-
lating mechanism, or both t!1úir"-oO.i,vriè--;h; po_
tent iron chelating agent_ Eora dose-deirè;a;;iìi ..-
duced the oxidario.n rg^t., bv rB.7 '% at 5 rrtirorÀiJ7iz.-0.58 nmol/ml/min), 59.4% at 7.5 prrroi/ l iS Zà- *-0.5
nmol/ml/min)_and by 96.5.h at 10 irmol/l fd.l i  = O.Og
nmol/ml/min)1.

l 5



Table l: Effects of nimesulide, hydroxynimesulide and EDTA on iron/

pC-OOH-Oepen<1ent l ipid peroxidation in PCL'

Drug concentratlon
(pmo1/l)

model acts through a dual  mechanis-m. py.  entrapping

Aiff;;."i radical Jpecies and by a Fe2* chelating inter-

vention.

3. 5. Ant io.Yidunt t'l'Íact ttf lrytlro.r yn im.esul ide. 7n(
nime,sul itle on Ft- * | uscorbult,-ittdu(t'tl pero.\tduttott

in lipid liposomes Jrom synoviol /Iuid

The time-course of accumulation of peroxidized prod-

; ;G ìTBAnSi in synovial  l ip id l iposomes from RA
patients by radical generation shou s alì appa-rent max-

i;;;ftJr I tt, *ìt"n formation of 5.8 | x 0'42 nmol/ml

;iîÉARs (100 %, activation). Incubation of l iposomal

suspensions after incorporation of increasin-s concentra-
ii"ír- 

"i-ri.*tltia. 
und hydroxynimesulide results in

dose-dependent d....ur.t iir fgAnS formation' Both

;;;o;;"dt .*ttiUit.a remarkable anti-lipoperoxidant
, I i i "Tiv izb.  I  t  1 .4 '2,  inhibi t ion hydrox.ynrmesul ide:  17 '4
* 0.9,2, nimesulide) already at 5 pmol/1. I he reductlons

in igAnS formation weré again of the same order of

rnonn i tud .  a t  l0  p rmol / l  (42 .1 t  l ' 9 'Z '  hy -drox l lmesu l -
iJ. i+: .1 i  2.2 ' t , ,  r i imesul ide.) .  At-2j  lmol / l  the ef fect  was

rrinrri iu hieher d; ; i;;utíd. rc2'5 t 2't(Xr vS 53'8 *
j ' .Tìu, , 'nyJió*ynimesul ide).  and did not s ignihcant ly in--

.r.ur. fúrthei at higher concentrations. The amounts of

TBARS were negliliUte when _Fe2*/ascorbate was omit-

t"ó. in .ither the-présence or the absence of drugs'

4. Discussion
This study is the first to our knowledge that describes

the radical  scavenging act iv i ty against  oxy radicals o[  n i -

;;r;,d; ;nd its í.,oín metafoli ie. 4-hydroxynimesulide.
,i-à.i. i i .O Uy ESn ipectroscopy. Usin!.this unequivocal

L.f.rnlou.. ií has bàen possible to demonstrate that

it;;;;t.mesulide is a strong scavenger of .both su-

;É;;; i i ; ;na nyo'o^v! ,q{g?É' rhere were s-ignificant

à;;;.;;;r oi irré'oH,rÉo-ooH and DMPo-oH rree rad-

;;fw";dduct formation in the.presence of micromolar

concentra'ons oi tn. compoun<t. ttre higq reactivity of

ú;;;ffiÀ.iufiO" with Hb)" radicals waÉ further estab-

iiÉfr.A i,y 
"o-p.tition 

kinetics with DMPO' The com-

Det i t ion plot  wai  l inear.  and the rate constant calculated

i l ; ì i ; ; f ;ó .  fK  =  8 .9  x  l0 ro  mol - r  I s  r ) . ind ica tgs  tha t

ihe molecule rèaits with HO' at essentially a diffusion-

controlled rate.
Nimesulide, which has been shown by ESR to be inac-

tive as u ,up.ro^ide quenc-her,- has a rate constant for

react ion * i tn Éó;- .à l i .or t  t : ' :  x  10rr  mol-r  I  s- ' )

irìirr.iirr"t ittf of its metabolite. lol complli;gn' the

rate constants tór reaction with HO' of typical NSAIDs'

such as indomethacin and diclofenac, determined by the

aéó^ytiUose assay (which gii"es results -com^parable to

i f roré obtained- l i r t . r  pulse iadiolysis)  [28.  291- . indicate
that both rhese drugs reacr moré slowly wi th Ho'  (K

iu lù . i  a round ig i i '  ; . ' - r  l s - r ) .  Hence we can draw th is

oiA.i of potency as HO' quenchers: nimesulide
fryOio*yntÀesulidè > indometh-acin : diclofenac'

The gróater activity of nimesulide_ than hydroxynimesul-
iO. fo*u.ds HO" radicals was also demonstrated in a

ùLióft"f ipiO bilayer constrtuted bv, qltgtfhatidvlch.o-
i in. , ' the most i i lporrant funct ionàt t ip iC . in,  cel lu lar

..Àuri"., i,, *hiit lipid peroxidation was inducgd 9v
Éo" radicals generated by water sonolysis. Both the

;;;p;;As àct"as preventive antioxidanti, but the Ho"

entrapprng capaci ty of  the parent drug^i1 near ly,double

tha t  o i  i t s "me[abo l í te  ( lCso '=  2 '12  vs  3 '84  Fmol / l ) '
l nadd i t ion . twoother impor tan t fea turesofhydroxyn i -
mesulide stem from PCL experiments:
l. Its high capacity lor.-e-ntrappìng the peroxy! radicgl

ROOo, w:hich is responsible for the sprea.d ol the peroxl-

àutión phenornenofi .-A.lready at I prrirol/l the .t-o.lpounq
iisnificàntly reduced the raie o[ PC peroxidation and

;?;i.;àU'A.l"y.d the onset of the breakdown phase

Control

Nimesulide
50

100
1 5 0
200

IC5o  =  150

Hydroxynimesulide
2.5
5

l 0
25
50

I C 5 e  =  1 7

EDTA
5'7.5

1 0

Oxidation rate
(nmol/ml/min)

21.06 = 0.76

1 8 . 5 4  t  1 . 5 9  ( l  1 . 9 )
14 .85  t  0 .89  (29 .5 )
1 1 . 9 9  r  0 . 8 1  ( 4 3 . 0 )
4 .18  t  0 .91  (11 .3 )

1 1  . 4 3  t  0 . 5 6  ( 1 7 . 2 )
15 .39  =  0 .33  (26 .9 )
1 2 . 3 8  t  1 . 1 4  ( 4 1 . 2 )
8 .06  t  0 .97  (61 .7 )
6.40 t  0.59 (69.6)

1 1  . 1 2  +  0 . 5 8  ( 1 8 . 7 )
8 .76  t  0 .50  (58 .4 )
0 .14  =  0 .08  (96 .5 )

Values are the
the percentage

means t S.D. of 5 determinations (p < 0'001)' In brackets
of inhibition values are shown.

3.4. Hydrox))nimesulidel iron( II ) complex

Fie. 8 shows the absorption spectra (200-450 nq) of the

huato*vnimesulide/Fet* complex obtained at different
;;1"t íatios of the compounds: the highest molar ab-

,óiUu".é was observed ai 298 nm and the maximal ab-

ióiUu".. value at a ratio hydroxynimesulide/Fe2* I : 1.5

i ioò u*"I / l  vs 240 pmol/ l ) . -The i tabi l i ty  constanl .  of  the

comple^ was determined by t i t rat ing i t  wtth dt l le.rent
Fe2/ l igands: NTA was unable to displace. hydroxynrme-
sulide írom the complex. since at 360 prmol/I. the concen-
i ; i i l "  o[  the stoichiometr ic rat io NTA/Fe2* ( l '5 :  |  ) '
it. initlut UV absorbance at 298 nm was reduced only

bv t t.6 %. EDTA reduced the absorbance of the com-

oí.* nvOtoxvnimesulide/Fe2* by 20 ol" at 75 pmol/I, by

\8'y,u1 tSO grmol/l and by 100'% at2.40pmo1/1, the con-

óòntration of tt-t. stoichi,ometric ratio for the complex
ÉóînlÉ.t '(1 : 1) (data not shown). 

-Titration curves in-

dicate that the staUìtity constant of the hydroxynimesul-
idélÉ.ri complex is i i termediate between those of the

NÍnlp.'t llogK = 6) and the EDTAIFt* (t^o.g{ = 
.l lrl)

.o-pt.^., àní estimated at around lqg$ = 8/9.lboth the

;;l;;, take into account the degree of dissociation of the

lisands (loe o = 2.8 for NTA; 3.3 for EDTA) at pH 7l'
îi. fà"ò"éUt. stoichiometric ratio of the hydroxynime-
*iiO.leèt* Complex and the good affinity olJltt metab-

olite for iron confirm that hydroxynimesulide in this

0.59

A 0.49
b
s 0.39
o

.t o.zs
D

a

n  0 . 1 9

c
e 0.09

-0.01

-0.11

200 250 300 350 400 450

Wavelength (nm)

Fig. g. Absorption spectra of the hydroxynimesulide/Fer* complex at

ài i ferent molar rat ios of the compoúnds. For detai ls see Materials and

methods.
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which leads. through decomposi t ion of  hydroperoxides
to alkox.y l  radicals.- to rhe format ion oi  rhó nignry"cyto-
toxic alkenals and hydroxyarkenats" wnic i 'ó in ' ' rà i  , ,chemoarrracanr ractórs in the i ; f la;m; iory* ' r . ì . t ion
t301.
llydroxy-nimesul ide, with i ts favo urabre ripophi licity (log
l ,_  ,1 :27) .  eas i l y  locares  w i rh in  t l re  pCi  ú i jovà i . 'H . r .
l :^?* i : . i1ì  1 

tvpi .a l  inrramenrbranous chainlbreaking
antroxrdant because gltlq presence of a phenolic func_t ion which quenches Roo' ipecies by hydioee"- i i r " r rer-
nng reacr lons:  the phenoxyl  radical  formed ì-s hiehlv sta_
PIK{ ^oy :. ?1{ysri i ve e I eót ro n d e I oca I i za ù"rl .'ifr ,i 

" 
i 
" e11.fj-!:r.oxygen that is para ro the HO group (Scheme

r). l hrs structurar feature exprai's well ùhy niÀ.ruiia.
is inef fecr ive in quenching pèroxyr radicar i  arr inc t l r .propagatron phase ol 'PCL pe'oxidat ion.  on the baí is ol 'tne same mechanrsm. hydroxynimesul ide.  but not nimes_
ulide, acts as an effectiv. rrp.ro"ide quencher.

NHSO2CH3

- \ r A . o

[Ol-o-Qryor + Rooo _ RooH 4
\2

I
N O ,

( " ) . . -  " ,Ou-^-VY^\ ^o - ^o'V "A
rlf " _ R_A:\_r_o
\_/ w

sch.ente 1.' chain-breaking antioxiclant interventi.r.r o| r.rvdroxynirrresur_

2. l ts abi l i rv rn g9r. ;*pendent ly reduce rhe hydroperox_
ides/Fer*-sí imulared pc p.óì iúr t ron. vra Fenron reac-
tion: stimulation _which is'appreciable óven *t .iì't . i.on
concentration is low, close ìo the one reached in vivo in
ll:,llfll99 'ynouium [31]. rhis i' noi ònrv tnr""gl, 

"raorcar scavenglng action, but also a chelat i-on mec[an-

HTl,îi.,.]:1111, evidenced by rhe formation of a srrong
re '  /hydroxyn lmesul ide conrp lex.

IT11:f::, ,Tiqh, be of cliniòat imporrance in those pa_
tnologrcal srtuations in which iroi is released in freeform from ferritin_and transferrin. such ur rn it-,.rmatoid
arthritis in which large numbers of neL,t,lóplrir, .ìii., tr",.joints and the resutùn_g_ o.- pto<trrcii;;. i;-;;ti-,., *itr-,the local decrease 9f pÉ, gieuiry conrributerio i ion a.-comparrmental izat ion.  The incrèased avai labi l i tu ol  i , .o, . ,
3f catalyst lor decomposirion of prerorm.; iu;i;er.ox-
ro^es marK€dry exacerbates the lormat ion in thé svnoviunr
?t , :econ$ary ox.y radicals (HO" and RO. radicals,  asevrdenced. by. others and our ESR experiments on pC
lrposomes) which both direcrry.  by rerease or ' I isosomar
enzymes from activated^ neuróphiìs. and incrirectiv. uvoxidat ive inacr ivar ion of  proteaie inhibir" ; ; : ; ; ; 'd.r_
tructuration of macromòrecurar components. [n thiscontext, both nimesulide and hydroiyni..rutiai re-
markably.prorecr synoviar f lu id r ip idt  o6rr in.a f ion- '  i " -I tamed.Jo tn ts  (and lo r  th is  reason conta in ing  l ip id  hvdro_peroxides) lrom Fe2*/ascorbate degradatioî lii.uúy utl0 pmol/l, a concentration in the raàge ortnoré aeiected
in v ivo.  in synovial  f lu ids dur ing chroi ic rreatmeni.  tnr tDorn . the  compounds exh ib i ted  comparabre  an t iox idant
act lvr ty rn thrs membrane model might be a consequence
of mul t i ple. lacrors.. such as pa rtir iofi in g-. ro-r"., r ià ion
across the bi layer.  th ickness. 'and r t re r ip io ion* i .n orn_rmesuhde to hydroxynimesulide by Hb. radical attacku6l.
This opens interes.ting perspectives ror the use of nimes-ul ide in rheumaroio_arfnrrr is. in which rynouiar"r lpr i '  rrv-droperoxides provide a reservoir ;i p;i;;i i i i 

'rlo"i.or,

which can be mobil ized bv iron.

The resul ts  of  _ th is  srudy ra ise the possib i r i tv  thathydroxynimesulide. owing io irs pt.uéntTu."r l i i&iaunr
::i1,lif_TiqhJ -."operalein vivo *itr., rr,ré pàr.nì'àii,e i"
1e.d.1c.rng the rare of radicar chain init iat ior i  in nrembranePUFA. In addition, as a chain-breaking-à"t.-lJàri 

"rca,n ìron-chelaring_ agenr, it should rimiithà'exiàÀlàn o|t he .perox rdari  ve da mage_of phosphor ipids. even a fteì in i-tiation, thus delavilg the macior.oii. 
"i".Àùi"r. 

a.-rangement and the formation of cytoìoxic atkenals.
The antioxidant acrivit ies of nimesulide and hydroxyni-
mesulide, described here in detail, together riíÈ tt à ,.-
sults of orher aurhors showing marke8 nt iuiiòìv .i iects
lor both rhe compo_unds on tie respiiai;; ib;;í 

"oi 
r._t ivatecl  neutrophi l l  tq-141. reinrorce rhe uié* ót t ì  mult i -

rac tonar  rn te rvent ron  under ly ing  the  mechan ism o f  the
anti-inflammatory action of ihe?rus.
I t  i s  cur ren t ly  under  inves t iga t ion  wf ,e ther  the  an t iox ic l -
ant  e i lectrveness .  of  

'  
hydroxynimesul ide enhances the

l:1j,"]]dlg capacity of viramin F. presumabty by regen_
:l '1rron or rocopheroxyl radical rlrrough hydr.ogeri doiar-
lng reactlon.
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