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Abstract—The effects of nonsteroidal anti-inflammatory agents on superoxide production and granule
enzyme release by human polymorphonuclear leukocytes stimulated with either formyl-methionyl-
leucyl-phenylalanine (fMet-Leu-Phe)) or immune complexes were investigated. Cytochrome ¢ reduction
and the release of lysozyme, B-glucuronidase, myeloperoxidase and gelatinase were measured. Auran-
ofin, phenylbutazone, sulfasalazine and the phospholipase A, inhibitor, 4-bromophenacyl bromide,
strongly inhibited these responses in fMet-Leu-Phe stimulated cells, at concentrations below 50 uM.
Indomethacin, piroxicam, mefenamic acid, primaquine and quinacrine at 50~250 uM were inhibitory.
Up to 1mM ibuprofen and chloroquine inhibited superoxide production but had little effect on
degranulation. With cells stimulated by IgG aggregates (immune complexes), up to 1 mM ibuprofen,
mefenamic acid and piroxicam did not inhibit either response. Indomethacin, phenylbutazone, sulfa-
salazine and primaquine inhibited, but considerably higher concentrations were required than with
fMet-Leu-Phe. Quinacrine inhibited superoxide production equally well with both stimuli but inhibited
enzyme release only with fMet-Leu-Phe. Only auranofin, 4-bromophenacyl bromide, and the weakly
effective chloroquine exerted approximately the same effect with both stimuli. D-Penicillamine did not
affect enzyme release with either stimulus and interfered in the superoxide assay. Gelatinase release
induced by fMet-Leu-Phe was affected to the same extent, or slightly more, than release of the other
granule enzymes. With immune complexes, there was only modest inhibition of gelatinase release by
any of the drugs at 250-1000 uM. Our results reinforce previous observations that many anti-inflam-
matory drugs affect neutrophil functions, but their effects vary with stimulus. The relative insensitivity
of immune complex-induced responses to most of the drugs must be taken into account when considering
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their mode of action.

Polymorphonuclear leukocytes (PMNY) are an
important part of the host defense system. They also
contribute to tissue damage in chronic inflammation.
In response to inflammatory stimuli, they release
their granule enzymes and generate superoxide and
other reactive oxygen metabolites, as well as syn-
thesize inflammatory mediators such as leukotrienes.

A number of nonsteroidal anti-inflammatory drugs
(NSAIDs) have been shown to modulate PMN
responses. Effects on motility and aggregation [1-5],
degranulation [3-12], superoxide production [3, 4,
10, 13-15], and leukotriene synthesis [16, 17] have
been observed. A majority of the studies has been
carried out with the chemotactic tripeptide formyl-
methionyl-leucyl-phenylalanine (fMet-Leu-Phe) as
stimulus, but it is already becoming clear that the
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+ Abbreviations: DMSO, dimethyl sulfoxide; Ig, immu-
noglobulin; NSAID, nonsteroidal anti-inflammatory drug;
PBS, Phosphate-buffered saline; PMN, polymorpho-
nuclear leukocytes; and SARD, slow-acting antirheumatic
drug.

effect of the drug can depend on the nature of the
stimulus and, possibly, also on the source of the PMN
[10, 13, 14, 18]. In chronic inflammatory diseases,
immune complexes are animportant PMN stimulant,
either when free or associated with structural
components such as cartilage or basement
membrane [19-21]. Few studies have been carried
out with NSAIDs and immune complex-stimulated
PMN [6,11], and the one substantial one used rat
PMN [18].

We, therefore, investigated how a broad range of
anti-inflammatory drugs affect human neutrophils
stimulated with immune complexes and compared
their effects to those observed with fMet-Leu-Phe.
We studied the two PMN responses most likely to
contribute directly to inflammatory tissue damage:
superoxide production and degranulation. §-Glu-
curonidase, myeloperoxidase and lysozyme were
measured as markers for specific and azurophil gran-
ules. We also monitored the release of gelatinase,
which is considered to be a marker for a third type of
secretory granule, termed C-particles [22]. Selected
drugs from different classes of NSAIDs were inves-
tigated: ibuprofen, indomethacin, piroxicam, mefen-
amic acid and phenylbutazone, the slow-acting anti-
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rheumatics (SARDs) auranofin, D-penicillamine and
sulfasalazine, the antimalarials quinacrine, prima-
quine and chloroquine, and the phospholipase A,
inhibitor 4-bromophenacyl bromide [10].

MATERIALS AND METHODS

Materials. Ficoll 400 and QAE-Sephadex A50
were purchased from Pharmacia, Uppsala, Sweden,
and Hypaque from Sterling Pharmaceuticals, New
Zealand. Human albumin was from Behring,
F.R.G., and rabbit anti-human albumin antiserum
was donated by Dr. J. G. Lewis (Christchurch Hos-
pital, New Zealand). Immunoglobulin G (IgG) was
purified from human serum by ammonium sulfate
precipitation and ion exchange chromatography on
QAE-Sephadex [23]. Auranofin was provided by
Smith, Kline & French, N.S.W., Australia, and sul-
fasalazine by Pharmacia, N.S.W., Australia. Other
chemicals were obtained from the Sigma Chemical
Co., St. Louis, U.S.A.

Drug solutions were prepared daily: auranofin in
ethanol; chloroquine, quinacrine and D-penicil-
lamine in water; and the other drugs in dimethyl
sulfoxide (DMSO). The ethanol or DMSO added
(up to 0.2%) was shown not to aiter cell viability,
enzyme release, or superoxide production.

Preparation of PMN. Human PMN were prepared
from the blood of normal donors by centrifugation
through Ficoll-Hypaque, dextran sedimentation, and
hypotonic lysis of contaminating red cells [24]. The
cell suspensions contained 95-97% PMN and 3-5%
eosinophils. Viability was greater than 98%, assessed
by Trypan blue exclusion. Incubations were carried
out in 10 mM phosphate-buffered saline (PBS), pH
7.4, supplemented with 1 mM CaCl,, 0.5 mM MgCl,
and 1 mg/ml glucose.

Preparation of IgG aggregates and immune com-
plexes. Aggregates of IgG were generated by heating
purified IgG (25 mg/ml in PBS) at 63° for 20 min.
Immune complexes were formed by adding 1 vol. of
human albumin (5 mg/ml in PBS) to 3 vol. of rabbit
anti-human albumin antiserum, and leaving at 20°
overnight.

Granule enzyme release. PMN were suspended at
5 x 10%/ml for stimulation with fMet-Leu-Phe, and
at 107/ml with IgG aggregates. The suspensions were
preincubated for 5 min at 37° with cytochalasin B
(5 ug/ml; 0.1% DMSO) and with various con-
centrations of each drug. In the case of auranofin,
preincubation was for 30 min, and cytochalasin B
was added 5 min before the stimulus. Either fMet-
Leu-Phe (1077 M) or aggregated IgG (1 mg/mi, final
concn) was added. After 10 min (fMet-Leu-Phe)
or 15 min (IgG) at 37°, the cell suspensions were
centrifuged at 1000 g for 5 min. From each super-
natant fraction, 200 ul was assayed for lysozyme [25],
85ul for fB-glucuronidase [26], 25ul for myelo-
peroxidase [26], 100 ul for lactate dehydrogenase
{27], and 25 gl for gelatinase. Gelatinase was assayed
by measuring the degradation of heat-denatured col-
lagen [28], prelabeled with [H]NaBH,[29].

To check for interference in the enzyme assays,
each of the drugs (at the equivalent of the highest
concentration tested) was added to the cell super-
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natant fraction following stimulation with fMet-Leu-
Phe. Primaquine decreased lysozyme activity by
15%, but none of the other drugs had any effect. -
Glucuronidase was unaffected by all the drugs except
sulfasalazine and quinacrine which gave color inter-
ference at >250 uM. Myeloperoxidase activity was
decreased in the presence of indomethacin (30%
inhibition by 500 uM) and piroxicam (20% inhibition
by 500 uM) but was not affected significantly by
the other drugs. Therefore, S-glucuronidase was the
azurophil granule marker measured with indo-
methacin and piroxicam, and myeloperoxidase at the
higher concentrations of sulfasalazine and quina-
crine. Sulfasalazine added to PMN supernatant
caused an approximately 30% decrease in measured
gelatinase activity. All the other drugs, at the highest
concentration used, caused less than 15% inhibition.

Superoxide production. PMN (5 x 10% in 1ml)
were preincubated for 5 min at 37° with various
concentrations of each drug (except auranofin, which
was preincubated for 30 min) and ferricytochrome
¢ (100 uM). fMet-Leu-Phe (10-7M) was added or
immune complexes (125 ug albumin/ml), and Ass; of
the solution was monitored continuously at 37°[30].
Superoxide production was calculated from the maxi-
mum rate of change using &sso (reduced-oxidized) =
21.1 mM~1. With both stimuli, rates became maximal
after approximately 0.5 min and remained constant
for 2-3 min. Immune complexes gave more con-
sistent cytochrome ¢ reduction rates than IgG aggre-
gates and were used, therefore, in this assay.

The drugs were checked for interference in the
assay by measuring their effects on cytochrome ¢
reduction by a xanthine oxidase superoxide gen-
erating system. Assays were carried out in the same
buffer as above, with 100 uM cytochrome ¢, 150 uM
hypoxanthine, approximately 0.01 units xanthine
oxidase and 400 units catalase per ml, and appro-
priate concentrations of each drug. In this system,
sulfasalazine at >50 uM, and 4-bromophenacyl bro-
mide at >2 uM, strongly inhibited cytochrome ¢
reduction. However, the extent of inhibition did not
depend on cytochrome c concentration, and both
drugs also inhibited uric acid production by the xan-
thine oxidase system (monitored at 295 nm in the
absence of cytochrome ¢}, to approximately the same
extent as cytochrome ¢ reduction. It is concluded,
therefore, that these drugs affect the xanthine oxi-
dase and not the superoxide detection system. Some
of the other drugs gave slight inhibition (<20%) of
cytochrome ¢ reduction, when used at the highest
concentration to which the PMN were exposed. This
was also largely accountable for in terms of inhibition
of urate production. Anyway, these small decreases
were much less than any attributable to the effects
of the drugs on PMN stimulation.

RESULTS

The effects of the twelve drugs on neutrophil
degranulation and on superoxide production are
shown in Fig. 1. None, at the highest concentration
tested, increased lactate dehydrogenase release
above control values, indicating that non-specific cell
damage did not occur. Resuits for only one azurophil
marker {myeloperoxidase or f-glucuronidase) are
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shown for each drug but, in cases where both were
measured, the two curves were indistinguishable.
Each drug inhibited release of lysozyme (present in
azurophil and specific granules) and the azurophil
marker by approximately the same extent, suggesting
that there was no selectivity for one type of granule.

fMet-Leu-Phe stimulation. All the drugs normally
classified as NSAIDs had some effect on fMet-Leu-
Phe-stimulated PMN. Ibuprofen (Fig. 1a) gave only
modest inhibition of superoxide production, and had
very little effect on enzyme release, but the others
all inhibited in the 10-250 uM range. Both responses
were inhibited to approximately the same extent by
either indomethacin (Fig. 1b) or mefenamic acid
(Fig. 1c), but phenylbutazone (Fig. 1d) and pirox-
icam (Fig. le) each had a greater effect on superoxide
production.

Of the SARDs, auranofin completely blocked
superoxide production at 2.5uM and strongly
inhibited enzyme release at a slightly higher con-
centration (Fig. 1f). Sulfasalazine also stongly
inhibited both responses (Fig. 1g). D-Penicillamine
up to 500 uM slightly stimulated degranulation (Fig.
1h). Its effect on superoxide production could not
be measured because it reacts directly with cyto-
chrome c. Primaquine was the most inhibitory anti-
malarial, affecting superoxide production more than
enzyme release (Fig. 1i). Quinacrine (Fig. 1j) had
less of an effect on superoxide production, and chlo-
roquine (Fig. 1k) gave no significant inhibition of
enzyme release and only moderate inhibition of
superoxide production. 4-Bromophenacyl bromide
at less than 10 uM strongly inhibited both responses
(Fig. 11).
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Immune complex stimulation. When immune stim-
uli were used, only auranofin (Fig. 1f) and 4-bro-
mophenacyl bromide (Fig. 11) and the weakly active
chloroquine (Fig. 1k) inhibited as well as they did
with fMet-Leu-Phe. D-Penicillamine (Fig. 1h) had
no effect on enzyme release with either stimulus.
Ibuprofen (Fig. 1a), mefenamic acid (Fig. 1c) and
piroxicam (Fig. le), all of which gave some inhibition
with fMet-Leu-Phe, had no effect or slightly
enhanced degranulation and superoxide production
with immune complexes. The other drugs inhibited
the responses to immune complexes, but approxi-
mately five times more indomethacin (Fig. 1b), ten
times more sulfasalazine (Fig. 1g), and ten or four
times more phenylbutazone, to inhibit superoxide
production and degranulation, respectively (Fig. 1d),
were required than with fMet-Leu-Phe. Primaquine
required a ten times higher concentration to inhibit
superoxide production with immune complexes but
gave the same inhibition of enzyme release with both
stimuli (Fig. 1i). Quinacrine affected superoxide pro-
duction to the same extent with both stimuli (Fig.
1j), but only inhibited enzyme release with fMet-
Leu-Phe.

A possible reason why higher drug concentrations
were required to inhibit responses to immune stimuli
is that binding of the drug to the immunoglobulin
reduced its effective concentration. To test whether
this was the case with indomethacin, PMN were
stimulated by fMet-Leu-Phe in the presence of 1 mg/
ml native IgG. (The IgG solution had been ultra-
centrifuged to remove aggregates and was shown
to be nonstimulatory.) At 100 uM, indomethacin
decreased B-glucuronidase release by 57% compared

Table 1. Effects of anti-inflammatory drugs on PMN gelatinase release

Gelatinase release (% control)

Concentration
Drug (uM) fMet-Leu-Phe IgG aggregates
Indomethacin 250 47 £ 20 ND*
1000 ND 80 = 12
Ibuprofen 1000 ND 115+ 4
Mefenamic acid 1000 ND 135 + 32
Piroxicam 50 30 = 18 ND
250 35 ND
1000 ND 60 = 9
Sulfasalazine 50 338 ND
250 8+10 ND
1000 ND 70 + 19
Phenylbutazone 100 33 =27 ND
250 ND 633
D-Penicillamine 500 95 + 13 ND
1000 ND 56 + 16
Auranofin 20 153 67 + 13
Chloroquine 1000 58 £ 18 69 + 13
Primaquine 250 93 x5 ND
1000 ND 36 =17
Quinacrine 100 739 ND
250 1 =12 ND
1000 ND 149 = 52
4-Bromophenacyl bromide 5 66 ND
20 6+4 74 + 16

Gelatinase was measured as described in Materials and Methods and is expressed relative
to control values obtained with the same PMN preparation with no drug added. Results are
the means = SD for three to five observations.

* Not determined.
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with 60% in the absence of IgG, and 250 uM indo-
methacin decreased release by 75% compared with
76%. The effects of indomethacin on fMet-Leu-Phe
induced lysozyme release were also unaffected by
the presence of native IgG. Thus, interaction
between the drug and IgG cannot explain the dif-
ferences between the two stimuli.

Gelatinase release. Drug effects on gelatinase
release were tested at the maximum concentrations
shown in Fig. 1, and at lower concentrations where
there was strong inhibition (Table 1). With fMet-
Leu-Phe, a majority of the drugsinhibited gelatinase
release to approximately the same extent as they
inhibited release of the other granule enzymes.
Piroxicam and quinacrine, however, inhibited gela-
tinase release more effectively. Results were gen-
erally less reproducible with gelatinase than the other
enzymes, possibly because of the ease of spontaneous
C-particle degranulation [22]. Ibuprofen and mefen-
amic acid were, on some occasions, inhibitory and
on others not, and have not been included in the
table.

With IgG-stimulated PMN, none of the drugs were
potent inhibitors of gelatinase release. Indometh-
acin, sulfasalazine, auranofin and phenylbutazone,
which almost fully inhibited release of the other
enzymes, all had little effect on gelatinase release.
The small inhibition by sulfasalazine may have been
due to a direct effect on the enzyme assay. On the
other hand, piroxicam, D-penicillamine and chloro-
quine inhibited release of gelatinase but not of the
other enzymes.

DISCUSSION

A number of studies have shown that anti-
inflammatory drugs can modulate the responses of
PMN to fMet-Leu-Phe {3-5, 10, 11, 13-15]. Some,
such as auranofin and phenylbutazone [3, 13-15, 31},
have been shown to be potent inhibitors of both
superoxide production and degranulation, and
others, such as ibuprofen [4, 15], are less effective.
Our results are in general agreement with these
studies. In addition, we have shown that sulfasalazine
and mefenamic acid are good inhibitors of fMet-
Leu-Phe induced granule enzyme release, as well
as inhibitors of superoxide production [5, 15]. No
studies of the effects of antimalarials with fMet-Leu-
Phe have been reported, although inhibition of PMN
responses to opsonized zymosan and phorbol myri-
state acetate has been described [32, 33]. We found
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that primaquine and quinacrine inhibited both
responses to fMet-Leu-Phe, with superoxide pro-
duction being more sensitive than degranulation.
However, the actions of antimalarials are not
uniform, since chloroquine had little effect. The lack
of effect of D-penicillamine is in agreement with
results with latex-stimulated cells [34].

Studies with other stimulants, such as phorbol
myristate acetate, concanavalin A and opsonized
zymosan, have shown that PMN responses to
NSAIDs are stimulus dependent. Few studies have
examined PMN responses to immune complexes, yet
these are one of the major inflammatory stimuli. We
found considerable differences between the
responses of immune complex (or aggregated IgG)
and fMet-Leu-Phe stimulated cells. The only
reported drug effects for human PMN and immune
complexes are with auranofin. Potent inhibition of
PMN responses was observed [7, 12], in agreement
with our findings. Auranofin, along with chloroquine
(which was much less potent), was the only drug to
be equally effective with both stimuli. With the
others, no clear pattern could be established. Some
drugs did not inhibit superoxide production or
degranulation with immune complexes, whereas they
did with fMet-Leu-Phe. The rest required much
higher concentrations to affect immune complex-
induced responses. To further complicate the situa-
tion, some drugs were much more effective at inhi-
biting superoxide production compared with degran-
ulation (or vice versa) with one stimulus, but not
with the other.

The differences in drug ccncentration require-
ments for the two stimuli could be explained, in part,
by some of the drugs inhibiting the binding of fMet-
Leu-Phe to its receptor. Phenylbutazone, indo-
methacin, piroxicam and sulfasalazine have been
shown to inhibit binding [3, 5, 13, 15], and immune
complex-stimulated cells were less responsive to
these drugs. However, phenylbutazone and sulfa-
salazine became inhibitory at higher concentrations,
and, with phenylbutazone and primaquine, dif-
ferences between fMet-Leu-Phe and immune com-
plexes were much greater for superoxide than
enzyme release. Inhibition of stimulus binding,
therefore, is not the complete explanation. The phos-
pholipase A, inhibitor 4-bromophenacyl bromide
inhibited equally well with both stimuli. Hence, if
phospholipase A, inhibition were the mode of drug
action {which is one possibility with indomethacin
[35]), differences in dose response would not be
expected. A possible explanation could be that

Fig. 1. Effects of anti-inflammatory drugs on degranulation and superoxide production by PMN: (a) ibuprofen; (b)
indomethacin; (c) mefenamic acid; (d) phenylbutazone; (e) peroxicam; (f) auranofin; (g) sulfasalazine; (h) p-peni-
cillamine; (i) primaquine; (j) quinacrine; (k) chloroquine; and (1) 4-bromophenacyl bromide. Left-hand panels are for
PMN stimulated with fMet-Leu-Phe. Right-hand panels for stimulation with IgG aggregates {degranulation) or immune
complexes (superoxide production). Incubation conditions and assay procedures are given in Materials and Methods.
Each point represents the mean + SD of two to seven observations. In the absence of drug, mean (maximum) rates of
superoxide production with fMet-Leu-Phe and immune complexes were 2.33 + 1.24 and 1.49 + 0.60 nmol/min/10° cells
respectively. Control values for enzyme release per 10° cells were, for fMet-Leu-Phe and 1gG aggregates, respectively:
lysozyme 0,040 + 0.016 and 0.019 = 0.009 absorbance units/min; myeloperoxidase 1.45 = 0.74 and 0.21 *+ 0.10 absorb-
ance units/min; and B-glucuronidase 30.6 = 10.8 and 8.8 + 4.7 ug phenolphthalein released/18 hr. Key: (@——-@)
superoxide production; (O——0O0) lysozyme; (@——@) f-glucuronidase; and (O——{J) myeloperoxidase.
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immune complexes induce phagocytic responses,
which are less sensitive to inhibition than non-phago-
cytic responses. However, this is unlikely since cyto-
chalasin B renders neutrophils incapable of phago-
cytosing immune complexes. This was verified in our
study by electron microscopy which showed rela-
tively few complete phagosomes in the stimuiated
cells compared with cells not exposed to cytochalasin
B. We have also observed similar drug effects on
PMN responses to surface-bound IgG [37]. Previous
studies have shown that the effects of NSAIDs on
PMN are not due simply to their ability to inhibit
prostaglandin, and sometimes leukotriene, synthesis
[2, 4, 10]. The stimulus-response coupling of PMN
is a complex, multi-step process, as yet poorly under-
stood. Undoubtedly the different drugs do not all
act at the same step, and some may have more than
one site of action.

There have been no previous studies of drug effects
on the release of gelatinase, which is considered to
be a C-particle enzyme. These granules are thought
to be under separate control from the azurophil or
specific granules, and to be released more readily
[22], possibly to aid movement of the cells through
tissues to an inflammatory site. We found that, with
fMet-Leu-Phe stimulated cells, most drugs inhibited
the release of gelatinase and the other granule
enzymes to a similar extent, although piroxicam and
primaquine had a greater effect on gelatinase release.
However, all the drugs were relatively ineffective
in inhibiting gelatinase release induced by immune
complexes. Even phenylbutazone, auranofin, sulfa-
salazine and indomethacin, at concentrations which
almost fully inhibited release of the other granule
enzymes, inhibited gelatinase release by only 20—
40% . These differential effects are not readily explic-
able if gelatinase is located in the specific granules,
as has been reported recently [36]. Rather, they
are supportive evidence for separate localization of
gelatinase. Gelatinase is one of the PMN enzymes
released in response to immune stimuli which is
capable of degrading connective tissue proteins. The
high NSAID concentrations required for even mod-
est inhibition imply that modulation of immune com-
plex-induced gelatinase release is likely to be physio-
logically unimportant.

The extent to which modulation of PMN function
contributes to the therapeutic properties of anti-
inflammatory drugs is not yet known. Some con-
tribution would be expected, in view of the major
role PMN play in the inflammatory response. Since
their effects vary with different stimuli, the ability of
drugs to modulate PMN responses at an inflam-
matory site will depend on which inflammatory
mediators have the most influence on the cells.
Immune complexes are a major physiological stimu-
lus and, in diseases such as arthritis and glom-
erulonephritis, they can be embedded in cartilage or
basement membrane matrix [19, 20]. Under such
conditions, they induce release of PMN oxidants and
enzymes at the surface where they may be inac-
cessible to scavengers and inhibitors [21, 30]. This
results in degradation of the underlying matrix con-
stituents [21]. Modulation of the secretion processes
by drugs, therefore, could have a major protective
effect. Extrapolation from in vitro to in vivo con-
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ditions must be made cautiously, especially with
respect to efficacious drug concentrations. However,
whereas the concentrations of most of the drugs that
affected responses to fMet-Leu-Phe are potentially
achievable physiologically [4], this is probably not
the case for immune complexes. Auranofin and
phenylbutazone, which were effective atlow or inter-
mediate concentrations, must be strongly favored
to modulate immune complex-induced processes in
vivo but, with the other drugs, such action is less
likely.

Acknowledgement—This work was supported by the Medi-
cal Research Council of New Zealand.

REFERENCES

1. I. Rivkin, G. V. Foschi and C. H. Rosen, Proc. Soc.
exp. Biol. Med. 153, 236 (1976).

2. J. R. Walker, M. J. H. Smith and A. W. Ford-Hutch-
inson, Agents Actions 6/5, 602 (1976).

3. C. Dahinden and J. Fehr, J. clin. Invest. 66, 884 (1980).

4. H. B. Kaplan, H. S. Edelson, H. M. Korchak, W. P.
Given, S. Abramson and G. Weissmann, Biochem.
Pharmac. 33, 371 (1984).

5. W. F. Stenson, J. Mehta and I. Spilberg, Biochem.
Pharmac. 33, 407 (1984).

6. M. J. Dimartino and D. T. Walz, Inflammation 2, 131

" (1977).

7. A. E. Finkelstein, F. R. Roisman and D. T. Walz,
Inflammation 2, 143 (1977).

8. R. J. Smith, J. Pharmac. exp. Ther. 207, 618 (1978).

9. R. J. Smith, Biochem. Pharmac. 28, 2739 (1979).

10. J. E. Smolen and G. Weissmann, Biochem. Pharmac.
29, 533 (1980).

11. R. J. Smith and S. S. Iden, Biochem. Pharmac. 29,
2389 (1980).

12. S. H. Kiihn, M. B. Gemperli and F. C. De Beer,
Inflammation 9, 39 (1985).

13. A. Perianin, M. Torres, M-T. Labro and J. Hakim,
Biochem. Pharmac. 32, 2819 (1983).

14.J. C. Gay, J. N. Lukens and D. K. English, Inflam-
mation 8, 209 (1984).

15. J. O. Minta and M. D. Williams, J. Rheumatol. 12, 751
(1985).

16. J. Y. Vanderhoek and J. M. Bailey, J. biol. Chem. 11,
6752 (1984).

17. W. F. Stenson and E. Lobos, J. clin. Invest. 69, 494
(1982).

18. P. A. Ward, M. C. Sulavik and K. J. Johnson, Am. J.
Path. 116, 223 (1984).

19. P. M. Henson, Am. J. Path. 68, 593 (1972).

20. K. Ugai, H. Ishikawa, K. Hirohata and H. Shirane,
Arthritis Rheum. 26, 1434 (1963).

21. M. C. M. Vissers, C. C. Winterbourn and J. S. Hunt,
Biochim. biophys. Acta 804, 154 (1984).

22. M. Baggiolini and B. Dewald, in Regulation of Leuko-
cyte Function (Ed. R. Snyderman), p. 221. Plenum
Press, New York (1984).

23.J. S. Hunt and A. R. McGiven, in Imunological Inves-
tigation of Renal Disease (Ed. A. R. McGiven), p. S8.
Churchill Livingstone, Edinburgh (1980).

24. A. Béyum, Scand. J. clin. Lab. Invest. 21 (Suppl. 97),
77 (1968).

25. Worthington Enzyme Manual, p. 121. Millipore Corp.,
Bedford, MA (1979).

26. M. Baggiolini, J. G. Hirsch and C. de Duve, J. Cell
Biol. 40, 527 (1969).

27. W. E. C. Wacker, D. D. Ulmer and B. L. Vallee, New
Engl. J. Med. 255, 449 (1956).



Anti-inflammatory drug effects on polymorphonuclear leukocytes

28. M. S. Hibbs, K. A. Hasty, I. M. Seyer, A. H. Kand
and C. L. Mainardi, J. biol. Chem. 260, 2493 (1985).

29. G. E. Means, Meth. Enzym. 46, 469 (1977).

30. M. C. M. Vissers, W. A, Day and C. C. Winterbourn,
Blood 66, 161 (1985).

31. T. D. Coates, B, Wolach, D. Y. Tzeng, C. Higgins, R.
L. Baehner and L. A. Boxer, Blood 62, 1070 (1983).

32. Y. Miyachi, A. Yoshioka, S. Imamura and Y. Niva,
Ann. rheum. Dis. 45, 244 (1986).

33. E. M. Canham, S. A. Shoemaker, R. M. Tate, R. N.

2517

Harada, I. F. McMurtry and J. E. Repine, Am. Rev.
resp. Dis. 127, 594 (1983).

34. H. Chwalinska-Sadowska and J. Baum, J. clin. Invest.
58 871 (1976).

35. L. Kaplan, J. Weiss and P. Elsbach, Proc. natn. Acad.
Sci, U.S.A. 75, 2955 (1978).

36. M. S. Hibbs, A. H. Kang and D. F. Bainton, Clin. Res.
34, 495A (1986).

37. T. M. Neal, M. C. M. Vissers and C. C. Winterbourn,
Arthritis Rheum. in press.



