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Inhibition of Neutrophil Respiratory Burst by Nimesulide
Independence from Cytoplasmic pH-Regulating Mechanisms

P. Bertora, G. Baldi, T. Vago, E. Chebat, M. Bevilacqua and G- l'{orbiato
Deparrment of Endocrinology, L. Sacco Hospital (Vialba), Milan. I taly

Summary Act ivat ion of  NADPH oxidase and superoxide anion re lease in human neutrophi ls  has been

shown to be dependent on Na+/H+ exchange, and inhib i t ion of  int racel lu lar  a lkal in isat ion has

been proposed as a mechanism of action for some anti-inflammatory drugs. The effect of

n imesul ide.  a novel  nonsteroidal  ant i - inf lammatory drug,  on intracel lu lar  pH (pHi)  regulat ion b.v

the Na+/H+ antiport in human neutrophils was examined using the pH-sensitive fluorescent probe

2,7-biscarboxyerhyl-5(6)-carboxyf luorescein (BCECF).  When st imulated by formylmethionyl-

leucyl-phenl . la lanine ( fMLp) or  phorbol-12-myr istate-13-acetate (PMA),  neutrophi ls  d isplayed

changes in pHi  consist ing of  an in i t ia l  ac id i f icat ion fo l lowed b-v a sustained alkal in is ing phase

indicat ive of  ant iport  act ivat ion.  Nimesul ide did not  change the pH; of  rest ing neutrophi ls  and

did not afrect the pH1 response to stimulation' It is concluded that Segnrl-jnflaulmalory effeel

of  n imesul ide is  not  d i rect ly  l inked to interact ions wi th the Na+/H+ ,ant iport  or  other pathway's

àffecting the regulation of p-Hi.

The stimulation of human neutrophils by vari-

ous substances induces the so-called respiratory

burst. a series of metabolic events leading to the

release of highly reactive oxygen derivatives (i.e.

the oxygen singlet. the superoxide anion and hy-

drogen peroxide) via a membrane-bound NADPH

oxidase (Babior 1984). This process, the energy for

which is derived mainly from the hexose-mono-

phosphate shunt (Borregaard et al. 1984)' produces

hydrogen ions (protons) that accumulate within the

cytoplasm. thereby lowering the intracellular pH

(pHi). The principal mechanism for the removal of

excess protons from the neutrophil is the amilor-

ide-sensitive Na+/H+ exchange effected by a trans-

membrane glycoprotein (Seifter & Aronson 1986)'

The inabil ity of the neutrophil to prevent its pHi

from shift ing towards acidic values has several det-

rimental effects on cell metabolism. Respiratory

burst activity seems to be particularly sensitive to

cytoplasmic acidification: inactivation of the Na*/

H+ antiport by amiloride or its derivatives strongly

inhibits superoxide anion generation (Simchowitz

1985; Wright et  a l .  1986).

Nimesulide is a novel anti-inflammatory drug'

the mechanisms of action of which are not com-

pletely understood. We have previously reported

that nimesulide has a strong inhibitory eflect on

the superoxide anion release induced by phorbol

l2-myristate-13-acetate (PMA) and formylmeth-

ionyl-leucyl-phenylalanine (fMLP) in vitro in hu-

man neutrophils (Vago et al. 1990). The aim of the

present study was to investigate the possible effect

of nimesulide on the Na+/H+ antiport, the pre-

dominant system of pH; regulation in neutrophils.
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I. Methods

Neutrophi ls werc separated from freshl_v drawn
human b lood us ing a modi f icat ion o f  es tab l ished
methods (Boyum 1968)  invo lv ing dext ran sedi -
mentation. density, gradient centr i fugation. and hy-
poton ic  lys is  o f  contaminat ing red ce l ls .  Once iso-
Iated, neutrophi ls were rc-suspended in Hank's
ba lanced sa l t  so lu t ion (HBSS) a t  a  concent ra t ion
o f l t o 5 x l 0 T c e l l s / m l .

Measureme-nt of pHi was achieved b1, loading
the ce l ls  wi th  f luorescent  pH-sens i t ive  dye 2.7-b is-
carboxy'ethvl- 5( 6)-carboxyfl  uorescei n ( BCECF). ac-
cording to cstabl ished methods (Grinstein & Fu-
ruya 1986) .  In  br ie f .  ce l ls  in  HBSS were incubared
in  the dark  for  30 minutes ar  37"C wi th  the mem-
brane-permeant acetoxymethyl ester of BCECF
(5 pmol /L  in  0 .10/o d imethy l  su l fox ide) ,  and then
washed to remove the unincorporated dye. In or-
der to minimise leakage of the dye. the BCECF-
loaded cel ls were maintained at 4"C unti l  the sub-
sequent procedures. which occurred within 4 hours
of loading. Cells were next transferred in dispos-
able f luorimeter cuvettes and di luted to yield a f i-
na l  concent ra t ion o f  2 .5  x  106 ce l ls /ml .

The neutrophi l  respiratory burst was st imulated
by adding fMLP 100 nmol /L  or  PMA l0  nmol /L
to cel ls pre-warmed at 37'C. The fol lowing drugs
were added 5 minuîes before respiratory burst
s t imulat ion:  n imesul ide 0 .  I  mmol /L ,  4-4 ' -d i isot io-
cyano-2.2'-st i lbene disulfonic acid (DIDS) 0.1
mmol /L  or  d imethy lami lor ide (DMA) 0.1  mmol /L .
Dimethyl sulfoxide. the solvent for each drug used,
was present at a maximum concentrat ion of 0.270
and did not interfere with the detection system.

Fluorescence changes were recorded using a
spectrof luorometer equipped with a st irred and
water bath-thermostated cuvette holder. The
method of fluorescence ratio measurement was used
(Wright et al.  1988). with dual excitat ion wave-
lengths of 506 and 455nm and an emission wave-
length of 530nm: the rat io was automatical ly cal-
culated by the instrument. The pH; measurement
s.vstem was calibrated for each cell batch by the
addit ion of nigericin I  pmol/L to BCECF-loaded
neutrophi ls resuspended in medium at pH values

ranging l rom 6.5 to  8 .0 .  in  e i ther  the absence or
presence of drug. in order to correct values for anv
fluorescent act ivi t .v of the drugs.

2. Results

Upon resuspension in HBSS. the pHi of resting
neutrophils in the preparations was in the range 7.1
to 7.3. Addition of fMLP to resting neurrophils in-
duced a slight reduction in cytoplasmic pH within
a few seconds, followed by a sustained increase in
alkalinity (f ig. I ). Similar pHi changes were ob-
served after stimulation by PMA (fig. 2), except
that the variations were less prominent. The de-
scribed stimulus-induced shifts of pH; were not af-
fected by the simultaneous presence of DIDS, a
blocker of Cl-lHCO3 cotransport (data not shown).
By contrast, DMA produced a markecl acid-
ification and no subsequent alkalinisation (data not
shown). This confirms existing data indicating that
the regulation of pH; in neutrophils is largely de-
pendent on the Na+/H+ antiport (Wright et al.
1986), whereas Cl-/HCOf cotransporr. an import-
ant contributor to pH regulation in other cells, plays
a minor role, if any, in the neutrophil.

The addition of nimesulide to neutrophil sus-
pensions did not induce changes in pH; by itsetf.
Furthermore. the changes in the pH; of neutrophils
induced by fMLP and PMA were not aflected by
the presence of nimesulide (figs I and 2).

3. Discussion

The activity of NADPH oxidase is inhibited by
cellular acidification. which leads to a decrease in
induced superoxide anion release (Simchowitz
1985). This may represent a cellular autoregulatory
mechanism guarding against a proton overload, and
it may also explain in part the anti-inflammatory
eflect of drugs such as piroxicam that inhibit the
alkalinisation of cultured renal tubular cells
(Tsnnessen et  a l .  1989).

In the present work, we examined whether or
not the inhibitory effect of nimesulide on the neu-
trophil respiratory burst could result from an effect
on pH; regulation via the Na+/H+ antiport. The



;t. 3 (Suppl. 2) t99t lnh ib i t ion o f  Neut rophi l  Resprra tory  Burs t

er the absence or
cct values for an1,

the pH;  o f  res t ing

s in  the range 7.1
ng neut rophi ls  in-
lasmic  pH wi th in
ained increase in
'hanges were ob-
\ (f ie. 2), except
rrTl lr ìent. The de-
'pH;  

were not  aÈ
-'nce of DIDS, a
{data not shown).
a marked acid-
r isat ion (data not
ta indicating that
r i ls is largely de-
' t  (Wr ight  e t 'a l .
;port,  an import-

other cel ls, plays

rph i l .

neutrophi l  sus-
in pH; by i tself .
-{;  of neutrophi ls

not affbcted by
and 2) .

c  is  inh ib i ted by

to a decrease in
se (S imchowi tz

r autoregulatory

ln overload, and

ti- inf lammatory

that  inh ib i t  the
tubular  ce l ls

ned whether or
l ide on the neu-

It lrom an eflect
* antiport.  The

I

E  7 2 5
=
q)
o
(!

E 7.3s

7.30

7.25

f MLP

I

0 2 4 6

Time (mrn)

Fig.  1.  Int racel lu lar  pH changes in human neutrophi ls  (2.5 x

l0ó/ml)  af ter  st imulat ion wi th formylmethionyl- leucyl-

phcny' la lanine ( fMLP) 100 nmol/L (arrow).  Upper panel :

contro l  cel ls .  Lower panel :  cel ls  t reated wi th n imesul ide 0.  I

mmo l /L .

results do not support the hypothesis that nime-

sulide inhibits superoxide anion release by directly

inhibit ing neutrophi l  alkal inisation. The drug does

not seem to interfere with the interaction between

fMLP and the Na+/H+ antiport,  and the resultant

shift of the 'set point' of the latter that generates

the pHi overshoot normally seen in this sett ing

(Grinstein et al.  1985). nor does i t  seem to affect

the course and extent of pH; changes in PMA-

treated cells. Therefore. other possible mechanisms

for this effect of nimesulide should be evaluated'

The action of nimesulide on neutrophi l  metab-

ol ism is currently being investigated. The drug was

shown to act as a scavenger of hypochlorous acid

generated outside the cel ls (Dallegri  et al.  1989.

l99 l  ) ,  but  not  o f  superox ide an ions.  The reduct ion

in superoxide anion release produced by nimesu-

l ide is an intracel lular act ion that might be ex-

pected to involve protein kinase C (PKC)' in view

of the central role played by this enzyme in the

cvents leading to respiratory burst act ivat ion. The

current  be l ic f  that  PKC is  impl icated in  the act i -

vat ion o f  the Na+/H+ ant ipor t  is  suppor ted b1 '  thc

f inding that PKC inhibitors such as H-7 inhibit  latc

a lka l in isat ion in  neut rophi ls  s t imulated wi th  fMt-P

or  in f luenza A v i rus (Har tshorn e t  a l .  1990) .  Rc-

su l ts  f rom stud ies by '  our  group (Bev i lacqua c t  a l .

I99 l )  g ive no conv inc ing ev idence that  PKC ac-

t iv i ty  is  d i rect ly  a l tered b-v  n imesul ide.  The resu l ts

of  th is  s tudy suppor t  th is  conc lus ion in  that  thc

cytoplasmic alkal inisation of neutrophi ls. which can

be considered a PKC-dependent phenomcnon. rs

unaffected b1' nimesulide treatment.

The lack of effect of nimesulide on the ne utro-

phi l  Na+/H+ antiport has cl inical implications. The

inh ib i t ion o f  ce l lu lar  mechanisms that  protect

against acid overload by several nonsteroidal anti-

inf lammatory drugs contr ibutes to their produc-

t ion of adverse elfects such as gastr ic mucosal

damage (peptic ulcer) and hyperst imulat ion of

venti latory centres (Tonnessen l99l:  Tonnessen et

al.  1989). Since i t  does not afTect pHi regulatorl '

7.35

7.30

0 2 4 6 8

Ttme (min)

Fig.  2.  Int racel lu lar  pH changes observed in human ncutro-

ph i l s  (2 .5  x  106 /m l )  a f te r  s t imu la t i on  w i th  phorbo l -12 -

myr istate-  I  3-acetate (PMA) l0 nmol/L (arrow).  Upper panel :

contro l  cel ls .  Lower panel :  cel ls  t reated wi th n imesul ide 0.  I

mmo l /L .
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mechanisms. nimesulide would be expected to have
a relat ively low propensity to produce such acid-
related effects. Cl inical data support this assert ion.

In conclusion, the in vitro inhibit ion of neutro-
ph i l  ox idant  product ion by n imesul ide is  un ique
and does not involve an interaction with mech-
anisms of pH; regulat ion in these cel ls. Thus, pro-

tect ion from the proton overload that accompanies
the respiratory burst is maintained in the presence

of the drug.
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