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Summary
ProsÍaslandins are pro-inflammutory hut are gasÍronro-
tective. Tht' ga.ttrii muiosa synthisizes pros"tagluitlins
mainly viu constiÍutive cyclooxygenase ( COX- I ) .
whereas leucocvtes have indacible enzvme ( COX-2 ).
Nimesulide ( CAS 5 I803-78-2 ) dffireíttialli inhibiréd
pro.stanoid synthesis in these human tÌssues as well as-rl'ith 

in vitró en:yme assays, and v,as less potent than
indomethacin (CAS 53-86-l ) on COX-1.
Fresh human gastric mucosa was cut finelv, v,ashed and
pre-inc'ubated*( 100 mg in I ml phospliate bu/lèred saline
pH 7.4) with or v'ithout nimesulide or indomelhacin-(0.1-100 

pglml: 0 "C; 30 min). The fluid was replaced
w,ith fresh identical solution, inc:uhated (37 " C; 30 min)
and the solution assayed.
Isolated leucocytes Jiom ltuman periplrcral blood were
incuhated (l-1.5 x l0o, 2 ml Krehs' .tolution) with or
without nimesulide or indontethacin (0.1-100 pglml,'
37 "C: I h), stimulured v'ith lipopoly.sacchuride (5 fgl
ml), further incubuÍed for 24 h at 37"C and thc medium
assayed for the pro.rtunoid,s PGE, TXB:, 6-keto-PGF1,,
and"the Teukotriene LTBa by radioimminoassay ( RIA' ).
In vitro assays with COX-I from ram seminal vesicles,
or COX-2 Jiom shecp pluccntu, vcre per.formed by prc-
incubating the enzymes vvith vehicle alone (t'ontrols) or
v'ith drug for 5 min at 37 "C. Arctchidonate (10 umoll
l) was a-diled and further incubated for 2 min at 37 'C.

Íleactions were ìerminated und P'GE determined hv
RIA.
Both drugs caused concentration-relaled inhibitions oJ'
prostanoid accumulation in incuhates ú' both tissues.
Nimesulide reduced PGE qccumulation more potently in
incubutes of' stimulaled Icut'ocytt,s Ílrun of gustric ntu-
cosa. With gastric tissue, niúe,rulide ruas'/es,s potent
than índomethacin by appro.rimately 6-22 .fbld (ICxt
for PGE, TX82, 6-keto-PGF1,,, respet'tively: I4.B vs
2.5;  I2.B vs L0; 3l . I  vs 1.4 umol l l ;  p <0.05 ro 0.02).
With leuco(ytes. the concentrations òf hoth drug.s. pur-
ticularly indomerhacin, v,ere not low enough to calculate
the IC50.
With the in vitro assqy, nimesulide (0.01 to 100 umoll
l) did nor inhihit PGE formorion by COX-l bur i'aused
a concentration-related inhibition óf' pCn formation bv
COX-2 (4-ó0'r').
These results are consistent with the effecf ive analgesit'/
anti-inflammatorv activitv of' nime,sír\ide counled with
hetter" gastric tolerance r'ómpured to indometliat:in.

Zusammenfassung
Wirkung von Nímesulid auf konstitutive und induzier-
bare Zyklooxygenasen
Prostaglandine sind entzùndungsfòrdernd, haben jedoch
eine mugcnprotcktivt' Wirkung. Die Mugcnschlt'imhuut
synthetiiiert Prostaglandine hauptsrichlilh mit Hilfe von

konstitutiver Zyklooxygenase (COX-I ), wàhrend bei
Leuko:yÍen inlu:ierbàres Enzym vorliegt (COX-2 ). In
tler voiliegentlen Arbeít wird durgelegt, da/3 Nimesulid
(CAS 51803-78-2) sowohl bei diesen menschlichen Ge-
v,ebearten als auch bei In-vitro-Enzvmassavs die Pro-
staglandùt-Synthe,ce unterschiedlich 

"stark 
hemmte und

bei" COX-l eine schwcichere Wirkung als Indometacin
aufv,ies.
Frisc'he Magenscltleimhuut vom Menschen wurde fein
ges'chnitten, gewus'clten und (100 mg in I ml Salzlòsung,-die 

nit Phosplutpuf'f'er auf pH 7,4 eingestellt worden
war) mit oder ohna""Nineiufid ot]er Indómetacin (0,1-
100 uslml; 0"C: 30 min) vorinkubiert. Díe Flússigkeit
wurde durch frische Lòsung derselben Zusammenset-
zung ersetzt,"inkubiert (37óC; 30 min) und dann die
Aktivit(it bestimtnt.
Isolíerte Leukozyten eus peripherem menschlichen Blut
wurden (l-1,5 i I0o, Z ml Xràbs-Lósung) mit oder ohne
Nimesulid oder Indometacin (0,1-100 trtglml; 37"C;
t h) inkubiert, nach Stimulation mit Lipblolysaccharid
r5 uslnt)weitere 24 h hei 37"C inkuhiàrt ', und das Me-
di;m mit Radioimmunoassay (RIA) auf die Prosta-
noide PGE, TXB2, 6-Keto-PGF1,, und das Leukotrien
LTB4 untersucltt.
Es wurden In-vitro-As.tavs von COX-I aus Hammelsa-
menhltisrhen und von COX-2 aus Sclmlblazcntu clurcb
gt,l'ùhrt, u'ohei dic En:ynrc mit dcm Veiikel ullein (Kon-
Trblte ) oder mit dem Àrzneimittel 5 min bei 37 " C vorin-
kubie'rt vrurden. Es v,urde Arachidonat (10 pmolll) zu-
gefù.qr und 2 min hci 37 "C weiterinkubiert. Die Reak-
iiónèn vurden gestoppt und PGE mit RIA bestimmt.
Beide Arzneimittel he**irkten in heiden inkubierten
menschlichen Gewehen konzentrationsabhcingige Hem-
mung der Prostanoid-Speicherung. Nímesulid verrin-
sen; tlia PGE-Spcit'herung in stimulierlen Leuko:yten
Itrirker uls in dei Musenschleimhuut. Bei Magengewebe
war Nimesulid ca. 6 bis 22mal weniser wirksam als In-
dornetut'in (Hentmkon:entrution HR5u bei PGE. TX82,
6-Keto-PGF1,, jeweils 14,8 gegenùber 2,5; I2,B gegen'
úher 1,0; 31 ,l gt'genùber 1,4 trtmoll l: p < 0.05 his 0,02 ).
Bci Leuko:vttìn ivurt'n tlie Kon:enlrationcn heitler Ar:-
neimittel, fnshesondere von Indometacin, nicht niedrig
genu4{, um die lC511 zu berechnen.
Beim In-vítro-Assav hemmte Nimesulid (0.01 bis 100
umotlt) die PGE-Bildung bei COX-I nichi, betvirkte je-'doch 

bei COX-2 eine ltonzentrationsabhàngige Hàm-
mung der PGE-Bildung (4-60'%,).
Diese Ergebnisse stehen im Einklang mit der wirksamen
anal ge t i lchen ent zíindun g shemmenlen Akt iv itrit v on N i-
mesulíd sowie der besseren Magenvertrdglichkeit im
Vergleich :u Indome tacin.
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l. Introduction
There are two forms of cyclooxygenases, key enzymes
involved in the formation of prostanoids: COX-I and
COX-2 tl l . COX-1 encoded by a 2.8-kilobase mRNA is
the consìiiutive form of the enzyme, and in the stomach
is mainly responsible for synthesising prostanoids which
help to 

-maintain 
gastric mucosal integrity .by various

processes. In contrast, leucocytes contain mainly COX-2
èncoded by a 4-kilobase mRNA, which is an inducible
enzyme thàt forms prostanoids involved in pain and in-
flammation.
Non-steroidal anti-inflammatory drugs are thought to
damage the gastric mucosa at least paltlY by inhibiting
prostaglandin synthesis, whereas inhibition of the syn-^thesis 

àt inflamed sites relieves pain and inflammation.
The aim of this study is to determine whether the re-
ported better gastric tolerance to nimesulideì ) (CAS
5t803-28-2, N-(4-nitro-2-phenoxyphenyl)-methanesul-
fonilamide) compared to indomethacin (CAS 53-86-l)
can be explained by different potencies on the synthesis
of eicosanoids in stimulated human leucocytes, in hu-
man gastric mucosa and in an assay with purified
COX-I and COX-2.

2. Materials and methods
2.1. Human peripheral blood leucocytes
Human peripheral blood leucocytes from 6 normal healthy
male volùnteers aged 20-35 years were separated using Histo-
paque 1099 (Siema-Aldrich Ltd., Poole, UK) [2].  Isolated leuco-
òvtes ( l- l .S mf lOÓ cel ls in 2 ml Krebs' solut ion) were incubated
in 24-well plates at 37 "C with vehicle alone (controls)- or with
nimesulide^or indomethacin (0.1, 1, 10, and 100 pgiml). After
I h the leucocytes were stimulated with lipopolysaccharide
(Sigma, 10 Vgl2 ml) and further incubated for 24 h. Eicosanoids
in the cultuie fluid were measured by radioimmunoassay (RIA).

2.2. Gastric mucosal inc:uhations

Gastric specimens resected for benign or malignant disease were
obtained-from operations, and samples taken at least 5 cm from
any macroscopiCally visible lesion. The mucosa and submucosa
were cut off 

-togefher. 
washed in ph^osphate buffered saline

(PBS), cut into f ieces of about 4 mh2. washed again in PBS,
and the excess flùid drained off. Aliquots of 100 mg were incub-
ated for 30 min at 4 'C with nimesulide or indomethacin, 0.1,
l, l0 and 100 pg/ml or vehicle controls, to allow the drugs to
equilibrate at their sites of action. The incubation fluid was dis-
carded (along with the prostanoids and lipoxygenase products
released from the tissue prior to the drugs exerting their full
effects), and replaced with another aliquot of the original solu-
tion. After incubation at 37 'C for 30 min the fluid was removed
and eicosanoids measured by RIA.

2.3. Cyclooxygenase en4)me assa))s
Cyclooxygenase enzyme (one unit of either COX- I fiom ram
seminal vesicles, or COX-2 from sheep placenta, Cayman
Chemical Company, Ann Arbor, MI, USA) was suspended in
Tris-HCl buffer (1 ml, 100 mmol/I, pH 8) containing hematin
(l pmol/l) and phenol (2 mmol/l) as co-factors._They wer€ pre-
iniubated with-vehicle alone (controls) or with nimesulide or
indomethacin (0.01 to 100 pmol/l) for 5 min at 3l "C- Arachi-
donate (10 pmolil, Cayman ChemicalCompany) was added and
further incubated for 2 min at 37 "C [4]. Reactions were termin-
ated by placing the tubes on ice and then extracting excess ara-
chidonaîe with hexane (3 ml x 2). Prostaglandin E (PGE) was
determined by RIA.

2. 4. Radioimmunoas s a))
Using suitable dilutions of antisera and tritiated standards, the
sampìes were assayed in duplicate [3]. Assay sensitivities were l0

r) Manufacturer: Helsinn Healthcare SA, Pambio-Noranco,
Lusano (Swi tzer land; .  Trademarks:  Au l inn (1 .  CH.  lRL.  P.
F),-Mesulid@ (8, GR, I),  Nimed@ (P), Nisul idt (CH).

2

to 20 pg, and the intra- and inter-aqsay coefficients of variatton
.uno.àTro- 2.0 to 5.0 "/,,. As the PGE antiserum did not distin-
guiíh between PGEI and PGE2, the results are expressed as
FCE. fn. antisera sources and immunological specificities used
are previously published [4, 5].
Tritiate<l prostanoids and leukotrienes were pu_rchased.from
Amersham lnternational PLC, Little Chalfont (LJK) and Du-
pont (UK) Ltd. (NEN Products), Stevenage (UK) respectively''scintillation 

counting was done using a Packard Tricarb 2200
CA (Packard InstruÀent Company, Meriden, USA) fitted with
a Securia programme. The results are express-ed as .mea.ns 

+

SE,M, and ànilysed by Student's t-test for paired data (2-tailed).

3. Results
3. I . Leuc'o('))te incubcttions

Human leucocytes incubated in Krebs' solution and
stimulated by lípopolysaccharide 5 pglml released.vari-
ous eicosanóias. Prosianoid accumulation was reduced
by nimesulide or indomethacin 0.1 100 [g/ml t^n^ u^9on-
céntration-related manner (PGE: 14-99 o/o and 93-99 "1',
respectively; 6-keto-PGF1,, 5q-8Zt)/o and 80-95(Yo Íc-
spectively;- thromboxane 82 (TXB2) 54-91tYo and 9l-
98'Y, respectively (Table I ). LTB4 accumulation was not
significantly affected, excgpt for an inhibition at the
hfthest concentration of either drug (100 pg/ml).

3.2. Gastric mucosal incubations

Human gastric mucosal pieces incubated in PBS released
prostano"ids and leukotriènes. Nimesulide and indometh-
acin caused a concentration-related inhibition of basal
prostanoid release (Table 2). T!e- reductions by- indo-
methacin 0.1-10 ptg/ml were:  PGE 3l-96"1' .  6-keto-
PGF t,, 4J-gg u/,, iXB2 3l-97'X,. With nimesulide 0-l-

Ttble I;  El l ìect of nimcsulicle (NIM) and indomethacin (INDO) on st i-

mulated cicosanoid accuntulal ion in incubates of human leucocytes: '2,

o f ' con t ro l .

Drug conc.
(pg/ml)

PGE
6-Keto-
PGFr , ,

TXB2 LTB+

N I M

INDO

0 . 1
l

l 0
100
0 . 1

I
1 0

100

26 .0  r  3 .6 *+
l l  . 9  *  4 . 6 * *
6 . 0  t  l . 5 x *
1 . 2  *  0 . 6 * *
6 . 8  r  3 . 5
l . l  r  0 . 7
0 .7  t  0 .6
1 . 3  r  0 . 6

49.1 + 9.0
28 .9  t  3 .2
2 8 . 6  t  8 . 3
l l . 9  t  6 .2
2 0 . 3  t  4 . 1 *
l l . 5  t  4 . 4 *
12.0 = 4.2*
4 .5  r  3 .9 *

45 .8  *  2 .8x*
24.6 *  4.2**
6 .1  *  |  . 4 * *
8 . 7  r  2 . 8 * +
8 . 7  *  2 . 8 * *
3 . 8  *  L O x *
2 . 6  -  0 . 8 * *
1 .8  *  0 .u1++

108.9 t  24.0**
9 8 . 8  t  1 2 . 8 * *
68 .4  t  6 .4 * *
20 .0  r  9 .9+*

1 0 9 . 7  t  3 6 . 1 * *
102 .4  x .33 .7* *
1 1 2 . 1  :  2 0 . 8 * *
3 1 . l  *  1 6 . 9 * *

Results arc expresse<J as mean '2, of coutrol t SEM (n = 6). Thcre were
4 replicates for control incubations and I lor each drug concentration
per i,olunteer, all mcasurcd in dupltcate. The lbllowing amounts.o^f pro-

it"noìai iccumulatecl in thc rnediirrn durir.rg the incubations 1pg/l0b cell/
24  h ;  r r - reans  t  SEM) :  PGE 169 '+  I151 .6 -ke to -PcFr , ,4 l l  -  66 :TXBz
12960 t  1083; LTBa I  57 t  33.  +* p < 0.02.

Tahla 2; Ef ' f-cct ol r .r in.rcsul ide (NIM) and
c icosano ic l  l tee  u t t tu l l t t i t r t r  in  incuhates  o f
'2, of control

Drug conc .
(pg/ml)

PGE
6-Keto-
PGFI ,

TX82 LTB+

N I M

INDO

0 . 1
I

l 0
100
0 . 1

I
1 0

100

108.1 = 7.4
12 .2  x .9 .4 *
2 1  . 2  *  2 . 5 * *
6 .8  t  0 .8 * *

69 .1  *  9 .0 * *
3 0 . 1  t  7 . 9 * *
7 . 9  *  1 . 8 * *
3 . 5  t  1 . 4 * *

93.1 t  7 .6
6 2 . 9  t  1 3 . 5
19.4 t  6.9*
l . l  +  0 . 8 *

5 3 . 0  t  1 5 . 5
20.1 t  I  .5"
6 .8  t  2 .5 *
0 .1  t  0 .5 *

111.2 t  12.0
15 .5  t  5 .3
3 5 . I  t  8 . 3 * *
4 .6  x .  1 .2 * *

69 .1  t  6 .3
26 .5  *  5 .9 * *
6 .1  + .  1 .6 * *
2 . 8  r  L 3 * *

122.0 = 16.9
1 0 5 . 1  =  2 0 . 1
64.4 t 14.4
5 4 . 6  t  1 0 . 1 *

1 1 3 . 0  t  2 4 . 0
82.7 x.14.2
52 .8  r  3 .0 *
6.0 t  6.0*

i ndomethac in  ( INDO)  on  basa l
human gastr ic mucosal Pieces:

Results are expressed as mean 
(2, of control t  SEM (n = 6). There were

4 repl icates f 'oi  control incubatiols and I for each drug concentrat ion per

t i ssúc ,  a l l  measured in  dup l i ca le .  The lo l low ing  amounts  o f  p ros tano ids

a c c u m u l a l e d  i n  t h e  m e d i u m  d u r i n g  b a s a l  i n c u b a t i o n s  ( p g / m g  I n  l u  m l n :

* "onr  r  SEM) :  PGE l04  r  18 ,6-Èeto-PGFr '  128 =  43 ;  TXB2 187 t  34 ;

L fB t l  =  3 .  *  p  <  0 .05 ,  * *  
P  <  0 '02 .



Table 3: Effect of nimesulide (NIM) and indomethacin (INDO) on PGE
production from arachidonate (10 pmol/ l)  by COX-l and COX-2.

Drug conc.
(pmol/ l) COX-2

N I M

INDO

0.0r
0 . 1
1 . 0

r  0 .0
100.0

0.01
0 . 1
1 . 0

l0 .0
100.0

116.4 = 7.9
95 .9  t  2 .9
78.1 t  4.3
69 .0  t  4 .5 *
40.0 r  7.9*

105 .4  t  4 .5
8 4 . 3  r  L 9
64.1 t 14.5
2 l . l  x .  2 . 1 "
1 3 . 5  r  1 . 0 *

Results are expressed as mean '2, of control t SEM (n = 4). There were
5 replicates for control incubations and 1 lbr each drug concentration
pe_r experiment, all measured in duplicate. The followiíg amounts of
PGE accumulated in the medium during the incubations (pg/U in 2 min;
mgal l  t  SEM):  COX-I ,1320 t  68;  COX-2,  2251 t  173.  {p <0.05.  **  p
< 0.02.

i n  the  enzyme assays :  n  =  4 .  n . i . :  no  inh ib i t ion .  *  p  <  0 .05 ,  * *  p  <  0 .01 ,
comparing nimesulide with indomethacin. In st imulated leucocytes, the
IC50 for each drug prostanoid could not be calculated since the lowest
concentrat ion of thc drugs used gave greater than 50'% inhrbit ion.

1 5 9 . 9  r  1 9 . 3 *
1 5 4 . 1  r  1 8 . 2 *
1 5 2 . 5  t  1 9 . 0
1 4 5 . 8  t  1 6 . 3
1 0 3 . 9  r  1 3 . 6
119.1 t  12.4
l l . 2  t  9 .5
3 3 . 8  =  1 . 0 * *
l 6 . l  r  l . 5 * *
9 . 1  t  1 . 2 * *

Table 1: IC51y values (pmol/ l)  of nimesulide and indomethacin.

Gastric
mucosal pieces PGE 6-Keto-PGF1o TXB2

Nimesulide

Indometacin

14.8 t  2.1

2 . 5  t  1 . 2 *

12.8 = 5.2

1 . 0  r  0 . 4

3 l . l  r  9 . 5

1 . 4  r  0 . 3 *

Purified

3nzymes

COX-I

PGE

COX-2

PGE

Nimssul ide

lndometacin

n . l .

0 . 6  t  0 . 1

90.3 = 23.6
4 .1  x .  1 .3 *

Results are the mean + SEM (pmol/ l) ,  n = 6. ln gastr ic mucosa: n = 6;

l0 pg/ml the mean reductions were PGE 0-92u/o,6-keto-
PGFr,, 47-93(Yo, and TXB2 30-93' . LlB4 release was
inhibited by indomethacin and, to some extent, by nime-
sulide.

3.3. Cyclooxygenase enzyme assays
COX-I and COX-2 (1 unit in I ml) when incubated with
arachidonate (10 pmol/l) and cofactors produced PGE
which was assayed by RIA. Nimesulide (0.01 to 100
pmol/l) did not inhibit PGE formation by COX-I, and
lower concentrations (0.01, 0.1 pmol/l) actually in-
creased PGE productioq (filtq 3). Indomethacin caused
a concentration-related inhibition of PGE formation.
Nimesulide and indomethacin (0.1 to 100 pmol/l) caused
a concentration-related inhibition of PGE formation bv
COX-2 (4-60olt and l5-87 %n, respectively, Table 3).

4. Discussion
Incubates of human peripheral blood leucocytes stimu-
lated by lipopolysaccharide in culture contained PGE,
6-keto-PGFro, TXB2 and LTBa, in agreement with pre-
vious findings [7]. Indomethacin was more potent than
nimesulide in inhibiting prostanoid synthesis by human
peripheral blood leucocytes (overall comparison p
< 0.001). However, the IC56 values for the drugs could
not be calculated since at the lowest concentration (0.1
pg/ml) they both caused > 50'% inhibition (Table 4).
In incubates of human gastric mucosa, nimesulide and
indomethacin each cauled a concentration-related in-
hibition of prostanoid accumulation. Indomethacin was
more potent than nimesulide in reducing gastric pro-
stanoid synthesis (overall comparison p < 0.001). The
IC56 values lor the gastric mucosa were: PGE, 14.8
pmol/l and 2.5 pmol/l; 6-keto-PGFro, 12.8 pmol/l and
1..0 pmol/l; TXB2, 3l. l pmol/l and 1.4 pmol/I, respec-
tively, for nimesulide and indomethacin.
Corypared with gastric mucosa, inhibition of leucocyte
PGE synthesis occurred at lower concentrations of nime-
sulide and indomethacin.
Using the purified enzyme assay in vitro, nimesulide
(0.01 to 100 pmol/l) did not inhibit PGE production by
COX-I (ram seminal vesicles) but did inhibit COX-2
(sheep placenta) with an IC5s of 90.3 pmol/I, while indo-
methacin inhibited both COX-I and COX-2 (IC50, 0.6
and 4.1 pmol/I, respectively).

In gastric mucosa, PGE is thought to be formed pre-
dominantly by COX- l, but any infiltrating activated leu-
cocytes could form PGE via COX-2, which might ex-
plain the reduction by nimesulide of PGE formation in
the gastric mucosal pieces. Alternatively nimesulide
might have a different specificity for human gastric mu-
cosal  COX-1.
Nimesulide was less potent than indomethacin as an in-
hibitor of prostaglandin synthesis by human gastric mu-
cosa. Furthermore, in the enzyme-based assay nimesul-
ide did not inhibit COX-I bui was specific lór COX-2.
These fìndings are consistent with the effective analgesic/
anti-inflammatory activity of nimesulide coupled with
better gastric tólerance compared to indomethacin.
Moreover, nimesulide has been reported to exert its anti-
inflammatory effects partly by other mechanisms [8].

5. References
[ ]  Lee, S. H., Soyoola, E., Chamugam, P., Hart,  S., Sun, W,
Zhong, L.,  Simmons, D., J. Biol.  Chem.267,25934 (1992) - l2l
English, D., Anderson, B. R., J. Immunol. Methods 5, 249
(1974) - [3] Jaffe, B. M., Behrman, H. R., in: Methods of Hor-
mone Radioimmunoassay, B. M. Jaffe, H. R. Behrman (eds.),
pp. l9-34, Academic Press, New York (1974) - [4] Futaki, N.,
Takahashi, S., Yokoyama, M., Arai, I., Otomo, S., Prosta-
glandins 47,550 (1994) - [5] Tavares, I .  A., Bennett,  A., Int.  J.
React. XV,49 (1993) - [6] Tavares, I. A., Collins, P. O., Bennett,
,{ . ,  Al iment. Pharmacol. Ther. l ,  617 (1987) - [7] Salmon, J.
A., Ti l l ing, L. C., Moncada, S., Prostaglandins 29,377 (1985) -
[8] Supplement lssue, Addis lnt.46 (1993)

Correspondence: I. A. Tavares, Ph. D., Department
of Surgery, The Rayne Institute, King's College School
of Medicine and Dentistry, 123 Coldharbour Lane,
London, SE5 9NU (England)


