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Differential effect of cyclo-oxygenase inhibition on
antigen- and ionophore-induced release of slow
reacting substance from fragmented guinea-pig lung
Robert D. Krell& Edward J. Kusner

Pulmonary Pharmacology Section, Biomedical Research Department, Stuart Pharmaceuticals, Division of ICI
Americas Inc., Wilmington, Delaware 19897, U.S.A.

1 The nonsteroidal anti-inflammatory drugs (NSAID) indomethacin and mefenamic acid, at
concentrations ranging from 3 jiM to 18 tLM, enhanced antigen-induced slow reacting substance of
anaphylaxis (SRS-A) release from sensitized fragmented guinea-pig lung. In contrast, these agents
had no effect on SRS-A release from nonsensitized guinea-pig lung induced by several concentra-
tions of the calcium ionophore, A23187.
2 Neither increasing preincubation time with the NSAID nor the use of sensitized tissue resulted in
an enhancement of A23187-induced SRS-A release by indomethacin.
3 NSAID did not alter histamine release by either stimulus.
4 These results suggest that antigen and A23187 induce SRS-A release from different sources or

by different mechanisms in guinea-pig lung.

Introduction Methods

The non-steroidal anti-inflammatory drug (NSAID),
indomethacin has been shown to enhance antigen-
induced release of slow reacting substance of
anaphylaxis (SRS-A) from a variety of tissues
(Walker, 1973; Bach et al., 1977; Hitchcock, 1978;
Krell & Chakrin, 1978; Engineer etal., 1978; Laeke-
man & Herman, 1979). One postulate regarding the
mechanism underlying this effect is that cycloxygen-
ase products exert feedback inhibition of SRS-A
production and that indomethacin inhances release
by preventing synthesis of these inhibitors (Walker,
1973; Hitchcock, 1978; Engineer et al., 1978).
More recently, SRS-A has been shown to consist of

peptidoleukotrienes, primarily leukotriene C4
(LTC4) and LTD4, products of the lipoxygenase
pathway of arachidonic acid (AA) metabolism
(Watanabe-Kohno & Parker, 1980; Piper &
Samhoun, 1981; Samuelsson, 1982). Based on these
recent developments it has been suggested that
NSAID enhance SRS-A release by diverting avail-
able AA substrate into the lipoxygenase pathway
(Burka & Paterson, 1980; Spannhake et al., 1981).

This paper describes qualitatively different effects
of NSAID -on antigen- and ionophore-induced
(A23187) SRS-A release from guinea-pig lung.

Male guinea pigs (Hartley) weighing 300-400 g were
used. For experiments with antigen, animals were
sensitized 21 to 28 days beforehand by intraperitone-
al injection of 5 mg ovalbumin (OA) on day 1 and
10 mg OA on day 3 (Forsberg & Sorenby, 1981).

Preparation and challenge offragmented lung

Animals were killed by decapitation and the lungs
removed. The large airways and blood vessels were
dissected away and the lung parenchyma cut with a
Mcllwain tissue chopper into segments of approx-
imately 1 x 1 x 2 mm. The tissue was washed five
times with Tyrode solution and divided into aliquots
weighing approximately 600 mg. Each sample of lung
tissue was resuspended in 3.6 ml Tyrode solution
containing cysteine (10-2 M) with or without experi-
mental compound. Compounds were dissolved in
dimethylsulphoxide (DMSO) or polyethylene glycol
400 and diluted to final concentration with Tyrode
solution. Solvents did not exceed 0.2% v/v and had
no effect on mediator release or assay procedures.
Samples were preincubated with compounds at 37°C
for 10 min. Tyrode solution (0.4 ml) or Tyrode solu-
tion with OA or A23187, as appropriate, was added
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to respective samples and incubation was continued
for 45 min after which the extracellular fluid was
decanted through cheesecloth. Triplicate determina-
tions were undertaken for each sample.
The extracellular fluid was divided and prepared

for assay as follows: (a) 0.9 ml were added to 0.1 ml
4N HCl04 and stored at -5°C for histamine assay;
(b) in some experiments 0.2 ml were stored at -70°C
for prostacyclin or thrombaxane B2 assay; (c) the
remainder of each sample was adjusted to pH 8 with
0.1 N NaOH, bubbled with argon gas and stored at
-70°C for SRS-A bioassay. Tyrode (4 ml) was added
to the remaining lung tissue in each tube. These
samples were placed in a boiling water bath for
10 min to extract the residual histamine.

Assay procedures

SRS-A was quantitated by bioassay on guinea-pig
isolated ileum in a manner similar to that previously
described (Krell & Chakrin, 1976). Contractions
were monitored by means of a Grass (FT.03C) force
displacement transducer and recorded on a Beckman
R-511A recorder. Synthetic LTD4 was used as a
standard (Tsai et al., 1982). SRS-A is expressed as
nanogram equivalents of LTD4 released per gram
wet weight lung. Piper & Samhoun (1981) have
found that LTD4 is the predominant leukotriene
released by guinea-pig lung.

Histamine was assayed by an automated fluoro-
metric procedure using a Technicon AA II as in the
method described by Siraganian (1975).
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Figure 1 Mediator release from guinea-pig lung in
vitro. Values for release of SRS-A (0) and histamine
(A) by antigen and SRS-A (0) and histamine (A) by
A23187 are shown. Each point represents the mean
(n= 3 to 5); s.e.mean shown by vertical lines.

Results

SRS-A release by antigen and by A23187

The calcium ionophore, A23 187, induced a
concentration-related release of both histamine and

Thromboxane B2 and 6-keto-PGF1,,: these metabo-
lites (of thrombaxane A2 and prostacyclin, respec-
tively) were determined by radioimmunoassay (New
England Nuclear). Radioactivity was measured using
a Packard Tri-Carb scintillation counter.

Statistics

Statistical comparisons were made using Student's t
test or, where appropriate, Student's t test for paired
observations.

Materials

The following drugs were used: ovalbumin, in-
domethacin and histamine dihydrochloride: (Sigma
Chemical Co., St. Louis, MO); A23187
(Calbiochem-Behring Corp., LaJolla, CA); or-
thophthaldialdehyde, cysteine, dimethylsulphoxide
(Gold Label) (Aldrich Chemical Co., Milwaukee,
WI); polyethylene glycol 400 (Fisher Scientific, King
of Prussia, PA); mefenamic acid (Parke-Davis, De-
troit, MI) and ibuprofen (Upjohn, Kalamazoo, MI).
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Figure 2 SRS-A release per unit of histamine release
for several concentrations of A23187 (0) and antigen
(0). Each point represents the mean (n = 3-5, deter-
mined in triplicate); s.e.mean shown by vertical and
horizontal lines.
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SRS-A from chopped guinea-pig lung parenchyma
(Figure 1). Likewise, OA antigen produced a
concentration-dependent release of histamine, while
SRS-A release appeared only modestly dependent
upon antigen concentration (Fig 1). Moreover, the
relative amounts of histamine and SRS-A released by
OA and A23187 differed markedly. A23187 caused
cornsiderably greater release of SRS-A per jg of
histamine than did antigen at all concentrations (Fig-
ure 2).

The effect of indomethacin on SRS-A release by an-
tigen and by A23187

Preincubation of lung fragments with indomethacin
(3 ILM) caused a significant (P< 0.05) enhancement
of SRS-A release by antigen (Figure 3a). The en-
hancement was apparent at all three concentrations
of antigen evaluated. Increasing the concentration of
indomethacin from 3 to 6 jAM produced no further
enhancement of SRS-A release (Figure 3a).
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Flgure 3 Effect of indomethacin on SRS-A release by
antigen (a) and by A23187 (b) Diagonal shading: con-

trol release; open bars: 3 gM indomethacin; horizontal
shading: 6jAM indomethacin. *P<0.05; **P<0.01 cf.
0 tiM indomethacin.

Table 1 Alteration of indomethacin preincuba-
tion time and concentration on A23187-induced
SRS-A release from fragmented guinea-pig lunga

Indomethacin Preincubation
(PM) time SRS-A (ng 1)
0 10 34.2 ± 9.8
6 10 33.4±11.8

12 10 37.0± 11.4
18 10 33.2 ± 13.5

0
6

PC

> 0.05
> 0.05
> 0.05

60 34.8±9.9
60 34.0± 5.3 > 0.05

'he releasing agent was A23187, 5 igml-', in all experi-
ments.
"Value for SRS-A is the mean ± s.e.mean (n = 3).
TLevel of significance.

In contrast, the SRS-A release evoked by various
concentrations of A23187 was not enhanced by in-
domethacin (Figure 3b). Increasing the concentra-
tion of indomethacin from 3 tiM to 6 gM (Figure 3b)
or 18 ISM (Table 1) did not result in enhancement of
A23187-induced release. Moreover, increasing the
indomethacin preincubation period from 10 to
60 min was also without effect (Table 1).

Indomethacin had no significant (P> 0.05) effect
on histamine release from lung tissue by either an-
tigen or A23187 (Table 2).

The effect of indomethacin on thrombaxane A2 and
prostacyclin synthesis by lung tissue

To confirm that the concentration of indomethacin
employed was sufficient to inhibit cyclo-oxygenase,
its effect on thromboxane B2 and 6-keto-
prostaglandin Fl, (6-keto-PGFia) release by lung
was monitored. As illustrated in Table 3, substantial
spontaneous release of both cyclo-oxygenase pro-
ducts was observed. Challenge with antigen caused a
further increase (P< 0.05) above basal levels for
both products. Pretreatment with 3 jAM indomethacin
reduced OA-induced increases in thromboxane B2
and 6-keto-PGFir. levels to below basal, indicating
that cyclo-oxygenase was inhibited.

The effect of indomethacin on A23187-induced re-
lease ofSRS-A from sensitized lung tissue

As illustrated in Table 4, A23187 caused
concentration-dependent SRS-A release from sen-
sitized lung tissue similar to that observed in normal
lung tissue (Figure 1). Once again, indomethacin did
not enhance A23187-induced SRS-A release.
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Table 2 Effect of indomethacin on histamine release by antigen and A23187a

(MgmlFt)
0.1
1.0

10.0
2.5
5.0

10.0

Control
5.0 ± 0.67b
7.6 ± 0.75
11.9+ 1.04
1.05 ± 0.64
2.9±0.79
6.2 ±1.13

Histamine release (% of total tissue content)
Indomethacin, (3 Mm) Pc Indomethacin, (6 MM)

6.0±0.91 >.05 5.9±0.80
9.1±1.10 >.05 9.5±0.96

11.9± 1.00 >.05 12.9±1.35
0.8 ±0.40 >.05 1.4±0.51
2.7±0.92 >.05 4.7±0.47
5.8 ±0.74 >.05 8.4±0.15

p
>.05
>.05
>.05
>.05
>.05
>.05

aLung fragments were preincubated for 10 min with various concentrations of indomethacin and then challenged with
A23187 or antigen for 45 min.
'Each value is the mean ± s.e.mean for 3 to 5 experiments.

"Level of significance.

Table 3 Effect of indomethacin on spontaneous and antigen-induced release of thromboxane B2 and 6-keto-
prostaglandin Fl, (6-keto-PGFIa) from sensitized lung tissuea

Treatment
Tyrode 'spontaneous'
Indomethacin (3MM)
OA (10 gml-1)
Indomethacin, (3MM)
and OA (10 jgmlt1)

ThromboxaneB2
(ngg9)

434.6± 51.2b
132.4 ± 27.4
836.6 ± 74.6

147.0 ± 34.3 <0.01 64.2 ± 21.2 <0.05

'Tissues were preincubated with or without indomethacin for 10 min and then challenged with antigen for 45 min.
bValues are the mean ± s.e.mean (n =4 to 5 experiments)
"Level of significance.

The effect of mefenamic acid on SRS-A release in-
duced by antigen and by ionophore

To determine whether the lack of effect of in-
domethacin on A23187-induced SRS-A release was
unique to this agent, the effect of another NSAID
was evaluated. Mefenamic acid enhanced SRS-A
release induced by antigen but had no effect on
SRS-A release induced by A23187 (Table 5).

Table 4 Effect of indomethacin on A23187-
induced SRS-A release from sensitized lung tissuea

A23187,
(pgm- 1)
2.5
5.0

10.0

SRS-A release (ngg-)
Control Indomethacin, (3 MM)

10.4±0.68" 10.4±0.70
17.4±0.27 19.1±1.17

42.9±2.19 49.2±5.97

PC

>0.05
>0.05
>0.05

'issues were exposed to indomethacin for 10 min and then
challenged with various concentrations of A23187.
bValues are the mean s.e.mean for three experiments.
"Level of significance.

Discussion

Since antigen stimulation of sensitized guinea-pig
lung resulted in substantial histamine release (indi-
cating mast cell activation) it is probable that much of
the SRS-A release by antigen comes from mast cells.
Indeed, MacGlashen et al., (1982) found that
purified sensitized human lung mast cells generate
SRS-A without a requirement for other cell types
when exposed to antigen.
The observed enhancement of antigen-induced

SRS-A release by NSAID is in agreement with simi-
lar studies conducted in human lung (Walker, 1973),
rat peritoneal cells (Burka & Flower, 1979), dog lung
(Krell & Chakrin, 1978) and guinea-pig lung (En-
gineer et al., 1978; Watanabe-Kohno & Parker,
1980). The mechanism is presumably related to di-
version of additional substrate, arachidonic acid,
from the cyclo-oxygenase to the lipoxygenase path-
way (Burka & Paterson, 1980; Spannhake et
al.,198 1).
The cellular source of SRS-A release from guinea-

pig lung in response to A23187 probably involves

Stimulus
Antigen
Antigen
Antigen
A23187
A23187
A23187

pc

<0.01

6-keto-PGFia
(ngg-')

70.4± 21.6
29.4 ± 14.9

156.9 ± 43.7

p

<0.05
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Table 5 Effect of mefenamic acid on SRS-A release by antigen and A23187a

SRS-A release (ng g-1)
Stimulus (ugml'1) Control Mefenamic Acid, (10_6M) PC Mefenamic Acid, (105M) P
Antigen 10 28.5 ± 3.2" 51.0± 5.0 <0.05 58.0± 5.3 <0.01
A23187 5 22.2±6.5 26.4±8.0 >0.05 22.9±6.8 >0.05

'Sensitized lung tissue was used in the experiments with antigen. Normal lung tissue was used in the experiments with
A23187. Tissues were preincubated with mefenamic acid for 10 min and then challenged with antigen or A23 187 for 45 min.
bValues are the mean ± s.e.mean for 3 experiments.
TLevels of significance.

mast cells (since some histamine is also released) plus
other unidentified types. Evidence for cellular
sources other than mast cells is the high ratio of
SRS-A to histamine release for A23187 as compared
to antigen. Also, A23187 has been reported to cause
SRS-A release from broncho-alveolar macrophages
(Sirois, 1980) polymorphonuclear neutrophils
(Jouvin-Marche et al., 1983) and pulmonary artery
(Fleisch & Haisch, 1982). SRS-A release from mast
cells may therefore represent a small portion of the
overall SRS-A release by A23187.
The principle observation of these experiments

was that NSAID, which enhanced the release of
SRS-A by antigen, did not enhance SRS-A release by
A23187. Attempts to ascribe this difference between
the two stimuli to incubation time with, or concentra-
tions of, NSAID were unrewarded. Although sensit-
ization has been reported to induce changes in the
response of tissues to calcium ionophore (Burka et
al., 1981), in the present studies tissue sensitization
with antibodies did not account for the differences
observed. The lack of effect of NSAID on A23187-
induced SRS-A release from guinea-pig lung is in
apparent disagreement with the studies of Piper &
Seale (1978). The reason for this discrepancy is not
obvious.
One possible explanation for the differential effect

of NSAID on SRS-A release by antigen or A23187 is
that they enhance A23187-induced SRS-A release
from mast cells but have no effect on A23187-
induced SRS-A release from other cells. Since it has
been hypothesized that mast cells may contribute less

to the total SRS-A release by A23187 than by an-
tigen, the enhancement is not apparent. Reasons why
NSAID do not enhance A23187-induced SRS-A
release from non-mast cell sources could be: (1) in
these cells the lipoxygenase pathway is already satu-
rated with arachidonic acid, or (2) the cyclo-
oxygenase and lipoxygenase pathways in these cells
are not in direct competition for arachidonic acid.
Although these observations suggest several cellu-

lar sources for SRS-A release by A23187, another
possibility must be considered. Antigen and A23187
may affect different arachidonic acid pools within the
same cell. Indeed, certain cell types have been re-
ported to release different arachidonic acid products,
depending on the stimulus used (Humes et al., 1982;
Hsuch & Sun, 1982). If there are different
arachidonic acid pools within cells of guinea-pig lung
these pools may exhibit the potential differences
listed above for cells; i.e., lipoxygenase pathway sat-
uration, degree of competition between pathways,
etc. This could also account for the differential effects
of NSAID on antigen and A23187-induced SRS-A
release.

We are grateful to Cathy D. Knee and Karen Deyerle for
technical assistance and to Diane Campbell for assistance in
preparation of this manuscript. A preliminary account of
these findings was presented at the Joint Meeting of the
American Society for Pharmacology and Experimental
Therapeutics and the Society of Toxicology in Louisville,
Kentucky, U.S.A. in August 1982.
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