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Abstract—Preincubation of cytochalasin B-treated, human polymorphonuclear leukocytes (PMN) with
indomethacin (a cyclo-oxygenase inhibitor}, §,8,11,14-eicosatetraynoic acid (ETYA) (a
lipoxygenase/cyclo-oxygenase inhibitor), or p-bromophenacyl bromide (BPB) (a phospholipase Az
inhibitor) resulted in dose-dependent inhibition of lysosomal enzyme release elicited by the chemotactic
peptide N-formylmethionylleucylphenylalanine (FMLP); 50 per cent inhibition was seen at approxi-
mately 50, 12, 8 uM respectively. BPB also inhibited superoxide anion generation. The effects of
indomethacin and ETYA were dependent upon the type of stimulus presented to the cells. Lysosomal
enzyme release stimulated by zymosan-treated serum and serum-treated zymosan was relatively unat-
fected by these two inhibitors. Indomethacin and ETYA did not appear to exert their effects by specific
inhibition of prostaglandin and thromboxane synthesis; the inhibition offered by both agents was
reversible, and aspirin had no similar inhibitory capacity. Our results indicate not only that indomethacin
may exert effects independent of its inhibition of the cyclo-oxygenase pathway but also that products
formed via phospholipase and lipoxygenase may be mediators of lysosomal enzyme release and super-
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oxide anion generation.

Human polymorphonuclear leukocytes (PMN)i,
exposed to surface stimuli, respond by generation
of superoxide anion radicals and by secretion of
lysosomal enzymes, stable prostaglandins {1] and
thromboxanes [2]. Stable prostagiandins, in turn,
inhibit lysosomal enzyme release [3]. Since non-ster-
oidal anti-inflammatory agents, such as indometha-
cin, inhibit cyclo-oxygenase activity [4] and hence
prostaglandin [1] and thromboxane [2] synthesis, it
is conceivable that these drugs could modulate the
degranulation process. Indeed, Northover [5] has
reported that, at concentrations greater than 50 uM,
indomethacin inhibits lysosomal enzyme release
from rabbit PMN stimulated by calcium ions. Indo-
methacin (100-200 pM) also inhibited the release of
myeloperoxidase from human PMN in response to
N-formylmethionylleucylphenylalanine (FMLP) and
CSa [6]. Other non-steroidal anti-inflammatory
agents modulated degranulation of guinea pig PMN
in response to serum-treated zymosan {7]. In con-
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trast, mouse macrophages, exposed to zymosan,
degranulated normally in the presence of 30 uM
indomethacin [8]. Similarly, human PMN, stimu-
lated with serum-treated zymosan to produce super-
oxide anions and to secrete lysosomal enzymes. were
not affected by 50 uM indomethacin [2].

To examine the regulatory role of prostaglandins
and thromboxanes in human PMN we studied the
effects of indomethacin and the lipoxygenase/cyclo-
oxygenase inhibitor 5,8,11,14-eicosatetraynoic acid
(ETYA) [4] on lysosomal enzyme release and super-
oxide anion generation elicited by several stimuli.
Moreover, since indomethacin has been reported to
inhibit phospholipase A; in rabbit PMN [9], p-brom-
ophenacyl bromide, another known phospholipase
A: inhibitor [10], was also studied. Data reported
below indicate that each of these agents can inhibit
lysosomal enzyme release (depending upon the
stimulus) and may share the property of inhibiting
phospholipase A: of granulocytes.

MATERIALS AND METHODS

Cytochalasin B and p-bromophenacyl bromide
(BPB; a,p-dibromoacetophenone) were purchased
from the Aldrich Chemical Co., Milwaukee, WL
Indomethacin, concanavalin A (Con A) and human
albumin (Fraction V) were obtained from the Sigma
Chemical Co., St. Louis, MO. FMLP was purchased
from the Peninsula Laboratories, San Carlos, CA,
and calcium ionophore A23187 was a gift from Eli
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Lilly & Co., Indianapolis, IN. ETYA was a gift of
Dr. Aaron Marcus. All other materials were reagent
grade.

Preparation of cell suspensions. Heparinized (10
units/ml) venous blood was obtained from healthy
adult donors. Purified preparations of PMN were
isolated from this blood by means of Hypaque/Ficoll
gradients [11] followed by standard techniques of
dextran sedimentation and hypotonic lysis of eryth-
rocytes [12]. This allowed studies of cell suspensions
containing 98 * 2% PMN with few contaminating
erythrocytes or platelets. The cells were suspended
in a buffered salt solution consisting of 138 mM NaCl,
2.7mM KCl, 8.1 mM Na;HPOs, 1.5 mM KH:POsu,
1.0 mM MgCl; and 0.6 mM CaClz, pH 7.4 (hereafter
referred to as PiCM).

Purified platelet suspensions were isolated accord-
ing to the method of Hamberg et al. [13], except that
the platelet pellet was washed and resuspended in
pre-warmed (37°) phosphate-buffered saline, pH 7.4.

Lysosomal enzyme release and enzyme assays.
Washed PMN (5 x 10°in 0.9 ml PiCM) were prein-
cubated for 5 min at 37° with cytochalasin B (5 ug/ml,
plus 0.05% dimethylsulfoxide contributed by the
stock solution) and with or without ETYA, indo-
methacin or BPB. Since the inhibitors were added
from stock solutions in ethanol, appropriate amounts
of ethanol (usually 0.2%) were added to control
samples. Lysosomal enzyme secretion was initiated
by addition of 0.1 ml PiCM containing the concen-
trated stimulus; final stimulus concentrations were
10’M FMLP, 2mg/ml serum-treated zymosan
(STZ; zymosan from ICN Pharmaceuticals, Irvine,
CA, opsonized with fresh serum for 30 min at 37°,
then washed), 107> M calcium ionophore A23187,
150 ug/ml bovine serum albumin/anti-bovine serum
albumin (BSA/anti-BSA ; prepared according to Ref.
14, using anti-BSA IgG from Cappel, Cochranville,
PA), 30 ug/ml concanavalin A and 10% zymosan-
treated serum (ZTS; fresh serum was opsonized with
1mg/ml zymosan particles for 15min at 37°; the
zymosan particles were removed from the serum by
centrifugation and the resulting ZTS was used
immediately). After incubation at 37° for 5 min, the
cell suspensions were centrifuged, and aliquots of
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Fig. 1. Effects of ETYA, indomethacin and BPB on -
glucuronidase secretion in response to FMLP. Purified
PMN (6 x 10% were preincubated for 5 min at 37° with
cytochalasin B (5 ug/ml) and the indicated concentrations
of inhibitors. FMLP was added to a final concentration of
10""M and the suspension was incubated for an additional
5 min. Cell-free supernatant fractions were then obtained
and assayed for B-glucuronidase activity. The data rep-
resent averages of duplicate samples and are expressed as
percentages of that quantity released by untreated control
samples (48.6 per cent of total cellular enzyme for the
indomethacin and ETYA series and 62.7 per cent for the
BPB series).

the medium were taken for standard determinations
of B-glucuronidase [15], lysozyme [16] and lactate
dehydrogenase [17] activities. Results were initially
determined as the percentage of total cellular enzyme
released into the medium.

For superoxide anion (O:7) generation, the
same procedure was followed, with the following
exceptions: (1) PMN concentrations were 0.75 to
2.5 X 10%ml; and (2) ferricytochrome ¢ (horse heart,
Sigma Type III) and superoxide dismutase (Miles
Biochemicals, Elkhart, IN) were added just prior to
stimulation. Superoxide generation was determined
by measuring superoxide dismutase-sensitive ferri-
cytochrome ¢ reduction, as specified in Ref. 18.

RESULTS

The cyclo-oxygenase inhibitor, indomethacin, and
the cyclo-oxygenase/lipoxygenase inhibitor, eicosa-
tetraynoic acid (ETYA), both proved to be potent

Table 1. Effects of FMLP, ethanol, ETYA, indomethacin and BPB on the release of B-
glucuronidase, lysozyme and lactate dehydrogenase

Enzyme release (% of control levels)

Lactate
Additions B-Glucuronidase Lysozyme dehydrogenase
None 0 0 59+438
FMLP 49.2 £ 10.1 549+ 6.9 33+40
Ethanol; FMLP 464+ 6.0 452 +15.0 3427
Indomethacin (+ ethanol); FMLP 121+ 42 122+ 7.7 44+41
ETYA (+ ethanol); FMLP 122+ 19 10.6 = 5.7 45+3.8
BPB (+ ethanol); FMLP 27% 45 29 1.7 29+2.5

* PMN (5 x 10%) were preincubated with cytochalasin B (5 ug/ml) and ethanol (0.2%), indo-
methacin (100 uM), ETYA (20 uM) or BPB (20 uM) for 5Smin at 37°. After challenge with
FMLP (10~ M, where indicated) for 5 min at 37°, the extracellular medium was obtained by
centrifugation. The amounts of B-glucuronidase, lysozyme and lactate dehydrogenase secreted
into the medium were determined and are expressed as percentages of the total cellular content.
Each value represents the mean + §.D. of three or more experiments.
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inhibitors of lysosomal enzyme release from cyto-
chalasin B-treated human PMN. Pretreatment with
cytochalasin B was used to maximize the amount of
granule enzymes and superoxide anion released into
the extracellular medium. As shown in Fig. 1, high
micromolar concentrations of indomethacin and
ETYA virtually blocked enzyme release effected by
the chemotactic peptide FMLP. ETYA was a more
potent inhibitor than indomethacin, and the con-
centrations required to obtain 50 per cent inhibition
of degranulation were 12 and 50 uM, respectively.
Neither drug affected the enzyme assay within the
concentration range shown. FMLP, indomethacin
and ETYA apparently did not damage cell integrity,
as extracellular lactate dehydrogenase levels were
constant (Table 1). Inhibition of lysozyme release
was similar to that seen for B-glucuronidase release.

PMN, which were preincubated with indometha-
cin and ETYA and then washed before challenge
with FMLP, released normal amounts of B-glucu-
ronidase (Table 2); thus, the effects of these agents
were completely reversible. Furthermore, aspirin at
concentrations up to 5 mM (titrated with NaOH to
maintain pH 7.4) was without effect on g-glucuron-
idase and lysozyme release (Table 3). These two
observations suggested that inhibition of lysosomal
enzyme release by ETYA and indomethacin was not
mediated by specific inhibition of the cyclo-oxygen-
ase or lipoxygenase systems.

Because indomethacin is known to inhibit phos-
pholipase Az [9] and since it is conceivable that
ETYA could also interact with this enzyme, the
effect of BPB, an inhibitor of phospholipase A2 [10],
was tested on the enzyme release system. BPB
inhibited B-glucuronidase release, with 50 per cent
inhibition observed at 6-10 uM (Fig. 1). BPB sim-
ilarly inhibited lysozyme release (not shown) and did
not affect either enzyme assay at the concentrations
tested (Fig. 1). Unlike ETYA and indomethacin,
BPB was irreversible in its effects: cells pretreated
with 20 uM BPB released 0.4 per cent of control
amounts of B-glucuronidase before washing and only
0.5 per cent after washing (Table 2). Similar irre-
versibility was seen with respect to lysozyme
secretion.

All three agents inhibited O27 generation by PMN
in response to FMLP (Fig. 2). BPB was again the
most potent; no O, was produced at inhibitor con-

Table 2. Reversibility of ETYA, indomethacin and BPB
inhibition of B-glucuronidase secretion*

Enzyme release

Pretreatment (% of control levels)
ETYA (20 uM) 33+ 16
Indomethacin (100 uM) 5328
BPB (20 uM) 0.4=x0.6
ETYA (20 uM), washed 81+ 26
Indomethacin (100 uM), washed 102 = 12
BPB (20 uM), washed 0.5+0.9

* PMN (5 x 10%) were preincubated with cytochalasin B
(5 ug/ml) and ETYA, indomethacin or BPB for 5 min at
37°. They were then challenged with 1077 M FMLP (upper
three samples) or else washed once in PiCM before resus-
pension in PiCM (with cytochalasin B) and subsequent
FMLP challenge (lower three samples). The amounts of
B-glucuronidase released into the extracellular medium
were determined and are expressed as percentages of that
released by stimulated control cells exposed to appropriate
amounts of ethanol. Each value represents the mean + S.D.
of four experiments.

centrations of 5 uM and above. At concentrations
of 40 uM and above, BPB inhibited the O, assay
system itself. Both ETYA and indomethacin were
relatively poor inhibitors of Oz~ generation, being
generally more effective against lysosomal enzyme
release (compare Fig. 1 with Fig. 2). This suggested
that inhibition of enzyme release by ETYA and
indomethacin was not due to general effects of these
agents on the plasma membrane, where the O>~
generating system is located. The inhibitors were
similarly effective in the absence of cytochalasin B,
which was normally included to maximize O~
release (data not shown).

In view of the pronounced effect of ETYA, indo-
methacin and BPB on enzyme release elicited by
FMLP, it was of interest to see if these agents had
similar effects when other stimuli were employed.
Table 4 shows that the three agents were most effec-
tive in inhibiting B-glucuronidase release when
FMLP was used as the stimulus. BPB was a potent
inhibitor when any of the five stimuli were presented.
ETYA failed to produce inhibition when the cells
were exposed to ZTS and was only partially effective
when A23187 was employed; indomethacin failed

Table 3. Effect of aspirin on lysosomal enzyme release*

Enzyme release (% control)

B-Glucuronidase Lysozyme
Aspirin (5 mM) 80 = 42 62x21
Aspirin (5 mM) + NaOH (5 mM) 10919 100 =11

* PMN (5 x 105 were preincubated with cytochalasin B (5 pg/ml) and aspirin,
or aspirin plus NaOH (to restore pH 7.4) for 5 min at 37°, In addition, control
cells were preincubated with 0.5% ethanol, the concentration contributed by the
aspirin stock solution. The PMN were challenged with FMLP (1077) for 5 min
at 37° and the cell-free medium was then assayed for B-glucuronidase and lyso-
zyme. Release of granule enzymes is expressed as the percentage of the amount
of enzyme released from control cells to which only ethanol was added. Each
value represents the mean + S.D. of three experiments.
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Fig. 2. Effects of ETYA, indomethacin and BPB on super-
oxide generation in response to FMLP. Purified PMN
(0.75 x 10%) were preincubated for 5 min at 37° with cyto-
chalasin B (5 pg/ml) and the indicated concentrations of
ETYA, indomethacin and BPB. Cytochrome ¢ (0.9 mg)
and superoxide dismutase (10 ug, to appropriate control
samples) were then added, followed by stimulation with
FMLP (1077M). The samples were incubated for an
additional 5 min after which cell-free supernatant fractions
were isolated and cytochrome ¢ reduction was determined.
The results were compiled from three experiments and data
are expressed as percentages of that activity found for
untreated control cells (63 * 1/nmoles cytochrome ¢
reduced/10° cells/S min, N = 3).

with both ZTS and STZ. A similar pattern was seen
for lysozyme release in response to these various
stimuli (Table 4). In addition, lysozyme secretion in
response to the lectin Con A (which does not provoke
B-glucuronidase release) was reduced by all three
inhibitors. Because the small number of platelets in
our PMN preparation might be responsible for some
of these results, we repeated the experiments using
PMN suspensions which were purposely supple-
mented with ten times the number of platelets nor-
mally found as contaminants. Inhibition of B-glu-
curonidase and lysozyme release by BPB, ETYA

J. E. SMOLEN and G. WEISSMANN

and indomethacin was not significantly affected by
these additional platelets when any of the stimuli
were employed (data not shown).

In view of the fact that less inhibition of enzyme
release was seen for those stimuli which contributed
large amounts of protein to the incubation mixtures
(i.e. STZ and ZTS), we tested the effect of added
protein on the inhibition produced by ETYA and
indomethacin. As shown in Table 5, both ETYA
and indomethacin profoundly inhibited B-glucuron-
idase release in response to 10~ M FMLP (A). This
inhibition was partially blocked by the presence of
0.3 mg/ml human albumin (B); more blocking was
observed when the albumin concentration was
increased to 3 mg/ml (C). Similarly, the presence of
1% (D) and 10% (E) heat-inactivated serum blocked
the effects of these two inhibitors. When samples of
ETYA and indomethacin were treated with STZ
(F) or BSA/anti-BSA (G) before addition of the
drugs to PMN, partial blocking of inhibition was
seen. It is apparent that addition of protein per se
interferes with the effects of ETYA and indometh-
acin, probably by non-specific adsorption of the
drugs. Consequently, inhibition of enzyme release
in response to BSA/anti-BSA would probably be
greater than that depicted in Table 4 were it not for
this interference; the smaller amount of inhibition
of enzyme release seen when BSA/anti-BSA (as
opposed to FMLP) was used as the stimulus can be
largely ascribed to protein contributed by this stimu-
lus (Table 5G). Similarly, the fact that inhibition of
enzyme release by ETYA and indomethacin can be
almost completely blocked by 10% heat-inactivated
serum (Table 5E) explains why no inhibition was
seen when ZTS was used as the stimulus. However,
preincubation with STZ did not completely block
inhibition by indomethacin (Table 5F); thus, the
failure of this drug to inhibit lysosomal enzyme
release in response to STZ (Table 4) was most likely

Table 4. Effects of ETYA, indomethacin and BPB on lysosomal enzyme release in response to various stimuli*

BSA/anti-
Agent FMLP STZ A23187 BSA ZTS Con A
B-Glucuronidase release (% control)

ETYA 17 9% (11) 56 = 25% (7) 6835 (7) 32 +21% (8) 909 (4)
Indomethacin 26 = 11t (11) 96 =13 (7) 55 £ 181 (7) 62 + 271 (8) 93 £ 11 (4)
BPB 691 (3) 43+ (3) 3x2% (3) 52t (3) 24 = 15% (3)

Lysozyme release (% control)
ETYA 17 £ 10t (7) 65 + 131 (5) 84 +38 (7) 45 £ 361 (7) 95+22 (4) 45 * 16% (6)
Indomethacin 16 = 121 (7) 101 = 34 (5) 66 = 121 (7) 51+20 (7) 90 £ 17 (4) 67 + 17% (6)
BPB 9+ 5% 5x8t (3) 66t (3) 6x5% (3) 7= 12+ (3) 1+2¢ (3)

* Washed PMN (5 X 10%) were preincubated for 5 min at 37° with cytochalasin B (5 ug/ml) and with ETYA (20 uM),
indomethacin (100 uM) or BPB (20 uM). The cells were then stimulated by the addition of FMLP (1077), serum-treated
zymosan (STZ, 2 mg), calcium ionophore A23187 (107> M), bovine serum albumin/anti-bovine serum albumin immune
complex (BSA/anti-BSA, 150 ug), zymosan-treated serum (ZTS, 10%) or concanavalin A (Con A, 30 ug). These
mixtures were incubated for an additional 5 min at 37°, after which the amount of 8-glucuronidase and lysozyme released
by the cells were determined. The results are given as mean percentages (£S.D.) of that amount of granule enzyme
released by control samples to which no inhibitor was added and the number of experiments is given in parentheses. The
control B-glucuronidase release values (percent of total cell enzyme released) were 49 + 15 for FMLP, 8.6 = 2.5 for
STZ, 50 = 14 for A23187, 26 = 14 for BSA/anti-BSA and 33 + 5 for ZTS. The control lysozyme release values were
33 + 11 for FMLP, 11 =5 for STZ, 43 = 17 for A23187, 25 + 6 for BSA/anti-BSA, 22 + 10 for Con A and 24 + 2 for

ZTS.
+ P <0.001.
i P<0.01.
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Table 5. Effect of protein on inhibition of B-glucuronidase release elicited by FMLP*

Enzyme release {% of control)

after
preincubation with:

Additions ETYA Indomethacin
(A) None 27 + 24 30+ 10
(B) Human albumin (0.3 mg/ml) 41 + 36 42+ 19
(C) Human albumin (3 mg/ml) 104 x 16 82=*9
(D) Heat-inactivated serum (1%) 62 25 40 + 10
(E) Heat-inactivated serum (10%) 1077 85x5

(F) Drugs pretreated with STZ 82+ 16 63+ 18
(G) Drugs pretreated with BSA/anti-BSA 75+ 4 42+9

* Washed PMN (5 x 10%) were preincubated with cytochalasin B {5 ug/mt) and
with ETYA (20 uM) or indomethacin (100 M) for 5 min at 37° after which the cells
were stimulated to release B-glucuronidase with FMLP (1077 M) as described pre-
viously. Sample A was preincubated without added protein. The preincubation media
in samples B and C contained, respectively, 0.3 and 3.0 mg/m! human albumin.
Samples D and E contained, respectively, 1 and 10% heat-inactivated serum. The
ETYA and indomethacin presented to sample F were pretreated with STZ; solutions
of ETYA (100 4uM in 1.0 ml) and indomethacin (500 uM in 1.0 ml) were incubated
with 10 mg STZ for 5 min at 37°. The STZ particles were centrifuged down and
appropriate aliquots of the media were added to PMN during the preincubation
phase. Sample G represents ETYA and indomethacin pretreated with BSA/anti-BSA
as described above, Results are expressed as percentages of that amount of §-
glucuronidase released by control samples to which no inhibitor was added. Each
value represents the mean * S.D. of three experiments.
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specific to this stimulus (since it cannot be totally
attributed to interference by protein). The patterns
of inhibition seen for the soluble stimuli A23187 and
Con A are unlikely to be attributable to similar
interference since they contribute either little (e.g.
Con A) or no (e.g. A23187) protein to the prein-
cubation medium.

Because 20 uM ETYA and 100 uM indomethacin
did not profoundly inhibit Oy generation (Fig 2),
the effect of BPB alone was tested on O:~ generation
elicited by various stimuli (Table 6). As can be seen,
BPB (5 uM) significantly inhibited Q.= generation
in response to all stimuli.

Table 6. Effect of BPB on superoxide anion generation in
response to various stimuli*

Stimulus OF generation (% of control)
FMLP 2x2

STZ 1829

A23187 3x2
BSA/anti-BSA 45 = 17

ZTS 2020

Con A 1x1

* Washed PMN (0.75 to 2.5 X 10%) were preincubated
for 3 min at 37° with cytochalasin B (5 pg/ml) and BPB
(5 uM), after which cytochrome ¢ was added. Superoxide
anion generation was initiated by addition of the indicated
stimuli (see legend to Table 4). After incubation for 5 min
at 37°, the cell-free media were obtained and O:™ gener-
ation was determined by measuring superoxide dismutase-
sensitive cytochrome ¢ reduction. The data represent the
means and standard deviations of three experiments and
are presented as the percentages of activities of control
samples to which no BPB was added. The control values
for O2~ generation (nmoles cytochrome ¢ reduced/10°
cells/5 min, N = 3) were 69 + 11 for FMLP, 36 + 11 for
STZ, 19 =5 for A23187, 134 for BSA/anti-BSA, 39+ 12
for Con A end 1.5 + 0.7 for ZTS.

DISCUSSION

Pretreatment of human PMN with the cyclo-
oxygenase inhibitor indomethacin resulted in a dose-
dependent diminution of lysosomal enzyme release;
inhibitory concentrations of this drug affected
Oa" generation far less. Because indomethacin would
be expected to inhibit prostaglandin and thrombox-
ane synthesis, the lipoxygenase/cyclo-oxygenase
inhibitor ETYA was also tested; this latter agent
gave results similar to those seen for indomethacin.
Indeed, the data indicate that these two agents did
not inhibit lysosomal enzyme release through specific
effects (i.e. by inhibition of prostaglandin synthesis),
since their inhibition was reversible and aspirin was
inactive. The phospholipase A: inhibitor BPB irrev-
ersibly blocked enzyme release and was a potent
inhibitor of 0> ™ generation

These results are in agreement with other reports
indicating that non-steriodal anti-inflammatory
agents inhibit lysosomal enzyme release from rabbit
PMN in response to calcium ions [4], guinea pig
PMN in response to serum-treated zymosan [7], and
human PMN in response to FMLP and C5a [6]. Our
results also show that the effects of indomethacin
and ETYA on lysosomal enzyme release can be
strongly dependent upon the nature of the stimulus.
In fact, the reported failure of indomethacin to affect
secretion from human PMN [2] can be attributed to
the use of STZ as the stimulus.

Lysosomal enzyme release in response to the solu-
ble chemotactic peptide FMLP was greatly inhibited
by both indomethacin and ETYA. When the soluble
stimuli Con A and A23187 were used, far less inhi-
bition was seen; thus, the effects of ETYA and
indomethacin were not dependent upon the soluble
or particulate nature of the stimulus presented. BPB
was a potent inhibitor of lysosomal enzyme release
and O:7 generation when any of the stimuli were
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employed. Inhibition of lysosomal enzyme release
by indomethacin and ETYA was most noticeable
when FMLP was the stimulus. The ineffectiveness
of ETYA and indomethacin observed when cells
were stimulated by ZTS or STZ could be partially
attributed to inactivation or adsorption of the drugs
by protein (Table 5); however, the complete lack of
inhibition by indomethacin when STZ was employed
was probably stimulus-specific. A similar stimulus-
specific effect was the relative impotence of ETYA
compared to indomethacin when A23187 was pre-
sented to the cells. Unlike BPB, which is a powerful
inhibitor when any stimulus is used, ETYA and
indomethacin are not general inhibitors of degran-
ulation. These results emphasize that the mechan-
isms of specific receptor-secretion coupling are not
identical for all stimuli.

Although indomethacin and ETYA are generally
considered to be specific inhibitors of prostaglandin
and thromboxane synthesis, the effects reported here
are unlikely to be due to such specific interactions,
since (1) both drugs are reversible, (2) aspirin is
without effect, and (3) inhibition of enzyme release
by the drugs takes place at relatively high concen-
trations (see review by Flower [4]). Non-specific
effects of indomethacin have been reported. This
drug inhibits cyclic AMP-dependent protein kinase
in rabbit ileal mucosa [19] and phospholipase A: in
rabbit PMN [9]. Since phospholipase A activity has
been reported in human PMN [20] and since ETYA,
areactive fatty acid-like molecule, could conceivably
interact with the active site of the enzyme, the ‘spe-
cific’ phospholipase Az inhibitor BPB was examined
in our system. Because all three agents inhibited
lysosomal enzyme release, our results are consistent
with the hypothesis that inhibition resulted from
diminished phospholipase activity. It is possible that
phospholipase activity is required for local pro-
duction of lysophosphatides which could promote
the fusion of lysosomes and plasma membranes
necessary for degranulation. It is also possible that
arachidonic acid released by phospholipase is
required for PMN responses. For rabbit PMN, this
fatty acid is sufficient to induce both degranulation
[21] and aggregation (which has several properties
and requirements similar to those for lysosomal
enzyme release) [22]. Both responses were inhibited
by ETYA, but indomethacin was not tested. Stimu-
lated PMN also produce hydroxy [23] and dihydroxy
[24] derivatives of arachidonic acid, which may be
of significance for stimulation of PMN. The effects
of inhibitors on production of the dihydroxy com-
pounds was not tested [24}; however, neither ETYA
nor indomethacin affected production of the hydroxy
derivatives [23].

An interpretation such as this, which implicates
phospholipase activity, must be tempered by the fact
that BPB also appears to have non-specific effects
(e.g. it inhibits Oz~ generation) and that other
interpretations are plausible. It should also be noted
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that the effects of the three inhibitors on phospho-
lipase, cyclo-oxygenase and lipoxygenase activities
were not tested in this work and that the conclusions
we have reached regarding the mode of action of
these agents are necessarily speculative.

Our results demonstrate the pitfalls of assuming
the specificity of such agents as indomethacin, ETYA
and BPB. In addition, we have provided further
evidence that the paths of stimulus-secretion coup-
ling are not identical. Finally, our data indicate that
indomethacin may owe some of its anti-inflammatory
effects in vitro to actions which are probably unre-
lated to its specific inhibition of prostaglandin and
thromboxane syntheses.
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