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Involvement of secretory phospholipase A, activity in the
zymosan rat air pouch model of inflammation
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1 In the zymosan rat air pouch model of inflammation we have assessed the time dependence of
phospholipase A, (PLA,;) accumulation in the inflammatory exudates as well as cell migration,
myeloperoxidase activity, prostaglandin E, (PGE,) and leukotriene B, (LTB,) levels.

2 A significant increase in PLA, activity was detected in 1,200 g supernatants of exudates 8 h after
injection of zymosan into rat air pouch. This event coincided with peaks in cell accumulation (mainly
neutrophils) and myeloperoxidase activity in exudates and was preceded by a rise in eicosanoid levels.

3 This enzyme (without further purification) behaved as a secretory type II PLA, with an optimum pH
at 7-8 units, lack of selectivity for arachidonate release and dependence on mM calcium concentrations
for maximal activity.

4 The PLA, inhibitors manoalide and scalaradial inhibited this enzyme activity in vitro in a
concentration-dependent manner. Scalaradial also inhibited zymosan stimulated myeloperoxidase release
in vitro.

5 Injection of the marine PLA, inhibitor scalaradial together with zymosan into the pouch at doses of
0.5, 1 and 5 umol per pouch resulted in a dose-dependent inhibition of PLA, activity in exudates
collected 8 h later. Myeloperoxidase levels and cell migration were also decreased, while eicosanoid levels
were not modified.

6 Colchicine administration to rats prevented infiltration and decreased PLA, levels in the 8 h
zymosan-injected air pouch.

7 These results indicate that during inflammatory response to zymosan in the rat air pouch a secretory
PLA, activity is released into the exudates. The source of this activity is mainly the neutrophil which

migrates into the pouch.

8 Scalaradial exerts anti-inflammatory effects in the zymosan air pouch.
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Introduction

The predominant pathway for the release of arachidonic acid
from phospholipids is the phospholipase A, (PLA,) activity,
which hydrolyzes the sn-2 ester bonds in phosphoglyceride
molecules. PLA,s can be classified into secretory and in-
tracellular forms. Secretory PLA,s have a molecular mass of
about 14 kDa and can be divided into groups I (mammalian
pancreas, Elapidae and Hydrophidae snake venoms) and II
(Crotalidae and Viperidae snake venoms, as well as in mam-
malian platelets, neutrophils, peritoneum, synovial fluids...).
Other low molecular weight PLA,s can be found in the venoms
of bees and wasps and are included in a different group (III),
for they are not closely related to the enzymes in groups I and
II (Glaser et al., 1993; Mukherjee et al., 1994). High molecular
weight PLA,s (about 85 kDa) are present in various mam-
malian cells such as platelets, macrophage cell lines and neu-
trophils (Clarke et al., 1990; Takayama et al., 1991; Ramesha
& Ives, 1993).

Mammalian group II PLA,s are synthesized and secreted
from many cell types and are found at inflammatory sites,
suggesting a role in inflammatory processes. In fact, some of
these enzymes have demonstrated proinflammatory effects
when injected into animals (Vadas & Pruzanski, 1986; Vish-
wanath et al., 1988; Neves et al., 1993). Nevertheless, evalua-
tion of the precise physiological role of PLA, enzymes has been
limited by the difficulties in characterizing PLA, and the lack
of suitable inhibitors. A number of natural products inhibit
PLA, activity, mainly of the extracellular type and also show

! Author for correspondence.

anti-inflammatory activity in animals, probably due to PLA,
inhibition (Mayer et al., 1988; Vishwanath et al., 1988; Potts et
al., 1992; Miyake et al., 1993; Marshall et al., 1994; Tramposch
et al., 1994; Gil et al., 1994), although there is no direct evi-
dence for PLA, participation in experimental models of in-
flammation and its pharmacological modulation. Scalaradial,
a marine natural product exhibits the in vitro pharmacological
profile of a potent PLA, inhibitor acting on extracellular and
intracellular enzymes (de Carvalho Jacobs, 1991; Marshall et
al., 1994; Farina et al., 1994); however, to date no data on its
possible inhibitory effects on PLA,; in vivo have been reported.

The air pouch is a cavity lined with macrophages compar-
able to the macrophage colonization of the synovial surface
during inflammatory states (Edwards et al., 1981) and re-
presents a suitable model for studying responses induced by
inflammatory agents like zymosan. The aim of the present
study was to determine if PLA, activity is involved in the in-
flammatory response induced by zymosan in the rat air pouch.
For this purpose, the time-dependence of parameters like
leukocyte migration, myeloperoxidase release, eicosanoid le-
vels and secretory PLA,; activity have been assessed. In addi-
tion, we have investigated in vivo the modulation of this
response by the PLA, inhibitor scalaradial.

Methods

Rat air pouch

Male Wistar rats (120—150 g) were used. Air pouches were
formed as previously described (Edwards et al., 1981). The
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animals were anaesthetized with ethyl ether and given a 20 ml
injection of sterile air in the subcutaneous tissue of the back,
and three days later 10 ml of sterile air was injected into the
same cavity. After three days 1 ml of saline or 1 ml of 1% (w/
v) zymosan in saline was administered into the air pouch. To
test the effect of scalaradial we administered 1 ml of 1% (w/v)
zymosan in saline (zymosan control group) or 1 ml of 1% (w/
v) zymosan in saline + scalaradial at the doses of 0.5, 1 and
5 umol per pouch. In another set of experiments, animals re-
ceived colchicine (1.5 mg kg~!, i.p.) 15 min before the injec-
tion of zymosan. At different time intervals after the injection
of saline or zymosan into the air pouch, rats were killed and
the exudate was collected in 1 ml of saline. Leukocytes in
exudate fluids were counted by Coulter counter. Exudate
smears were stained with Wright’s stain for differential counts.
After centrifugation of the exudate at 1,200 g at 4°C for
10 min, the supernatants were used to measure myeloperox-
idase activity, phospholipase A, activity, as well as leukotriene
B, (LTB,) and prostaglandin E, (PGE,) levels by radio-
immunoassay (Moroney et al., 1988). Protein was quantified
by the Bradford technique (Bradford, 1976) using bovine ser-
um albumin as standard.

Mpyeloperoxidase assay

The reaction mixture contained 10 ul supernatant, 190 ul
phosphate buffered saline, 20 ul 0.22 M NaH,PO, (pH 5.4),
20yl 0.026% (v/v) H,O, and 20 ul 18 mM tetra-
methylbenzidine in 8% (v/v) dimethylformamide. After a
10 min reaction at 37°C, 30 ul 1.46 M sodium acetate, pH 3.0,
was added and absorbance at 620 nm was read using a mi-
crotiter plate reader (Suzuki et al., 1983; De Young et al.,
1989). Activity was determined by comparison with the stan-
dard curve using horseradish peroxidase. The possible direct
influence of scalaradial on myeloperoxidase activity was also
assessed in vitro. Supernatant (10 ul) from the exudates ob-
tained in 8 h zymosan-injected rat air pouches (zymosan
control group) in the same buffer as above was preincubated at
37°C for 10 min with 2.5 ul of test compound solution or its
vehicle (methanol) before incubation proceeded.

Phospholipase A, assay

Phospholipase A, was assayed using [*H]-oleate labelled
membranes of Escherichia coli, following a modification of the
method of Franson et al. (1974) (Ferrandiz et al., 1994). E. coli
strain CECT 101 was seeded in medium containing 1% tryp-
tone, 0.5% (w/v) NaCl and 0.6% (w/v) sodium dihydrogen
orthophosphate, pH 5.0, and grown for 6—8 h at 37°C in the
presence of 5 uCi ml~! [*H]J-oleic acid (sp. act. 10 Ci mmol~!)
until growth approached the end of the logarithmic phase.
After centrifugation at 2,500 g for 10 min, the membranes
were washed in buffer (0.7 M Tris-HCI, 10 mM CaCl,, 0.1%
bovine serum albumin, pH 8.0), resuspended in saline and
autoclaved for 30—45 min. The membranes were then washed,
centrifuged again and frozen at —70°C. At least 95% of the
radioactivity was incorporated into the phospholipid fraction.
Supernatants from the exudates obtained in the rat air pouch
(10 ul) and 250 ul of 100 mM Tris-HCl, 1 mM CaCl, buffer,
pH 7.5, were incubated for 10 min in the presence of 10 ul
autoclaved oleate labelled membranes (1 ug protein and
3.2 pmol [*H]-oleic acid incorporated into membranes) and
was terminated by addition of 100 ul ice-cold solution of
0.25% bovine serum albumin in saline to a final concentration
of 0.07% (w/v). After centrifugation at 2,500 g for 10 min at
4°C, the radioactivity in the supernatants was determined by
liquid scintillation counting. For in vitro assessment of the
influence of scalaradial or manoalide on secretory PLA,, su-
pernatant (10 ul) from the exudates obtained in 8 h zymosan-
injected rat air pouches (zymosan control group) and 250 ul of
100 mM Tris-HCl, 1 mM CaCl, buffer pH 7.5 were pre-
incubated at 37°C for 10 min with 2.5 ul of test compound
solution or its vehicle (methanol) before incubation was star-

ted by addition of oleate labelled membranes as above. The
inhibitory effect of scalaradial or manoalide was measured in
relation to control enzyme activity in tubes containing enzyme
and the inhibitor vehicle. To determine the influence of pro-
tein, calcium or pH on PLA, activity, different sets of ex-
periments were performed in the presence of increasing
volumes of supernatant, with or without 10 mm EDTA and
1 mMm CaCl, or with different pH values, as indicated in the
Results section.

Rat peritoneal leukocyte degranulation

Rat peritoneal leukocytes were collected 6 h after i.p. injection
of glycogen (10 ml, 1%) and prepared by centrifugation and
hypotonic lysis of contaminating red cells (Moroney et al.,
1988). The cell suspension contained 90% neutrophils; cell
viability was assessed by trypan blue exclusion and was
greater than 95%. Boiled zymosan was incubated at 37°C for
30 min with supernatant from 8 h zymosan air pouches to
opsonize it (20 mg ml~'), washed three times with saline and
resuspended in Hank’s solution. Leukocytes (5x 10°
cells ml~') were stimulated with zymosan (3 mg ml~') for
20 min at 37°C. Scalaradial was preincubated for 5 min with
the cells before the addition of zymosan. The cell suspensions
were then placed on ice and centrifuged at 1,200 g for 10 min
at 4°C. Myeloperoxidase levels in supernatants were de-
termined as above.

Materials

Scalaradial was a gift from Dr S. De Rosa (Istituto per la
Chimica di Molecole di Interesse Biologico, C.N.R., Arco
Felice, Napoli, Italy) and antibody against LTB, was kindly
provided by Dr R.M. McMillan and Dr S.J. Foster (Zeneca
Pharmaceuticals, Macclesfield, Cheshire). [9,10-*H]-oleic acid
was purchased from Du Pont, (Itisa, Madrid, Spain);
[5,6,8,11,12,14,15(n)-*H]-PGE, and [5,6,8,9,11,12,14,15(n)-
H]-LTB, were from Amersham Iberica (Madrid, Spain).
Manoalide and the rest of the reagents from Sigma Chem.
(MO, U.S.A)). E coli strain CECT 101 was a gift from Prof.
Uruburu (Department of Microbiology, University of Va-
lencia, Spain).

Statistical analysis

The results are presented as mean+s.e.mean. The level of
statistical significance was determined by Student’s unpaired ¢
test (two tailed) or by analysis of variance (ANOVA) followed
by Dunnett’s ¢ test for multiple comparisons.

Results

Cell influx into the rat air pouch

As indicated in Table 1 , zymosan stimulated an increase in the
total number of cells present in exudates. The number of cells
present within zymosan-stimulated pouches remained sig-
nificantly greater than the number present in saline-injected
pouches for at least 24 h, and this increase in cell influx was
maximal at 8 h. The majority of the cells present in exudates at
any time were neutrophils, especially in zymosan-stimulated
pouches.

FEicosanoid levels

Exudates from saline-injected pouches contained barely de-
tectable levels of PGE, and LTB, (Figure 1). 4 h after in-
jection of zymosan, 7.2+0.7 ng PGE, mg~' protein and
7.84+1.3 ng LTB, mg~! protein were detected in exudates.
These levels fell at 8 h (6.7+1.5 ng PGE, mg~' protein and
0.7+0.2 ng LTB, mg~! protein) and almost disappeared at
24 h.
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Table 1 Accumulation of inflammatory cells in air pouches after saline or zymosan injection

Total cells (x 10% mI™") % neutrophils

Saline 4h 47+£1.0
Zymosan 4h 59.7+7.5%*
Saline 8 h 19.3+£3.3
Zymosan 8h 109.7+11.6**
Saline 24h 3.1+£0.6
Zymosan 24h 89.5+7.4%*

White blood cells present in pouch fluid
% monocytes % lymphocytes

77 6 7
92 3 5
76 5 19
95 1 4
72 7 21
97 1 2

The values are the mean +s.e.mean (n=12). **P<0.01 with respect to the corresponding saline-injected group.
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Figure 1 Eicosanoid levels in the exudates of rat air pouches
injected with saline or zymosan. Open columns, prostaglandin Ej;
solid columns, leukotriene B4. Eicosanoids were measured in the
inflammatory exudates of saline and zymosan groups in the rat air
pouch 4h, 8h and 24h after injection. The values are the
mean+s.e.mean (n=12). **P<0.01 with respect to the correspond-
ing saline-injected group.

Mpyeloperoxidase activity

At all time points detectable levels of this enzyme activity were
found in saline-injected pouches (Figure 2). In contrast, high
levels of myeloperoxidase were measured in exudate samples
from zymosan-stimulated pouches at 4 h (10.3+1.3 mu mg~!
protein) and reached a peak at 8 h (13.04+1.0 mu mg~"' pro-
tein). By 24 h the level of activity was reduced to
1.7+0.2 mu mg~' protein.

Phospholipase A; activity

At 4 h, the levels of PLA, in exudates from zymosan-activated
pouches were not significantly different from those found in
saline-injected pouches. Nevertheless, a significant increase in
PLA,; activity was detected in inflammatory exudates obtained
8 h after zymosan injection into the rat air pouch (Figure 3),
followed by a decrease in activity in samples taken at 24 h.
This PLA, is able to release 1.9 +0.2 nmol [*H]-oleic acid mg~!
protein per 10 min incubation (n=12) from labelled E coli
membranes, and it was also dependent on the pH, with an
optimum activity at 7—8 units (Figure 4). As seen in Figure 5,
activity gradually increased with the amount of protein present
in the incubation medium and it showed a requirement for
calcium. At the concentration used (I mM Ca?*) maximal
activity was reached.

In vivo effect of scalaradial on the inflammatory
response produced 8 h after injection of zymosan

Since significant PLA, activity was measured in exudates 8 h
after injection of zymosan, this time point was chosen to assess
the influence of scalaradial on this enzyme activity and the rest
of the parameters that characterize this inflammatory re-

Myeloperoxidase (mu mg_1 protein)

Saline ‘ Saline ‘ Saline |
Zymosan Zymosan Zymosan
4 h 8h 24 h

Figure 2 Myeloperoxidase levels in the exudates of rat air pouches
injected with saline or zymosan. Myeloperoxidase activity was
determined in the inflammatory exudates of saline and zymosan
groups in the rat air pouch 4h, 8h and 24h after injection. The
values are the mean +s.e.mean (n=12). **P <0.01 with respect to the
corresponding saline group.
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Figure 3 Phospholipase A, (PLA;) activity present in the exudates
of the rat airpouch. Activity was expressed as c.p.m. of [*HJ-oleic
acid released per mg protein after 10min incubation, and it was
measured in the inflammatory exudates of saline and zymosan groups
in the rat air pouch 4h, 8h and 24h after injection. The values are
the mean+s.e.mean (n=12). **P<0.01 with respect to the
corresponding saline group.

sponse. Scalaradial injected into the air pouch at doses of 0.5, 1
and 5 umol per pouch, dose-dependently inhibited PLA, ac-
tivity in exudates (Table 2). In addition, this PLA, inhibitor
decreased leukocyte influx at the highest dose used, 5 umol per
pouch (without modification of differential counts with respect
to the zymosan control group, data not shown), and myelo-
peroxidase levels at 1 and 5 pmol per pouch, whereas PGE,
and LTB, levels did not show any significant modification. A
direct inhibition of myeloperoxidase activity in vitro by sca-
laradial at concentrations between 1 and 100 uM was not ob-
served (data not shown).
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In vitro effect of scalaradial and manoalide on PLA,
from 8 h zymosan-injected rat air pouch

Incubation of scalaradial or manoalide with 10 ul of super-
natant of exudates obtained from rat air pouches 8 h after
injection of zymosan resulted in the inhibition of PLA, activity
present in these inflammatory exudates. The concentration-
dependence of this effect appears in Figure 6. Scalaradial and
manoalide showed ICs, values with 95% confidence limits of
3.2(2.1-4.8) uM and 2.6 (1.6-3.1) uM, respectively.

Effect of colchicine on the inflammatory response
produced 8 h after injection of zymosan

Since the elevated PLA, levels in the pouch fluid collected 8 h
after injection of zymosan could be dependent upon leukocyte
migration, colchicine was used to prevent cellular infiltration.
Colchicine (1.5 mg kg~', i.p.) was given 15 min before zymo-
san administration, and the animals were killed 8 h later.
Colchicine inhibited cellular infiltration into the air pouch by
96.4%, myeloperoxidase levels by 93.7% and PLA, activity by
89.1% (Table 3).

In vitro effect of scalaradial on rat peritoneal leukocyte
degranulation

As shown in Table 4, pretreatment of neutrophils with scalar-
adial caused a concentration-dependent inhibition of zymosan-
induced degranulation measured as myeloperoxidase release.

Discussion

It is known that zymosan particles are phagocytosed by acti-
vated macrophages in the air pouch (Dawson et al., 1991) and
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Figure 4 Effect of pH on phospholipase A, (PLA;) activity. Data
are expressed as percentages of [*H]-oleic acid release (mean+
s.e.mean from n=8). Supernatant from 8 h zymosan-injected rat air
pouches (10ul, 200 ug of protein) was incubated for 10min with
3.2 pmol [*H]-oleic acid incorporated in E. coli. membranes, in the
presence of 1 mm CacCl,.

also that zymosan activates the alternative pathway of com-
plement (Schorlemmer et al., 1977; Wedmore & Williams,
1981; Jose, 1987). In the rat air pouch zymosan causes the
generation of tumour necrosis factor-a« (TNF-a), PGE,, LTB,
and lower amounts of LTC, (Ferrandiz & Foster, 1991). In our
experiments, as in mice (Dawson et al., 1991), zymosan in-
duced an exudate containing mainly neutrophils, at the three
observations made (4, 8 and 24 h). The peak of PLA, activity
in 8 h exudates correlated with the maximum rate of neu-
trophil influx, which suggests that neutrophils are the source of
PLA,. These cells have been described as a source of PLA,
activity in inflammatory fluids due to the homology of the
enzyme present in their granules and that found in ascitic fluids
(Wright et al., 1990), although other cells like macrophages
could also contribute to the PLA, levels present in in-
flammatory exudates. Systemic treatment of rats with colchi-
cine markedly reduced cell migration and this was
accompanied by a significant reduction in PLA, levels, which
confirms that infiltrating neutrophils are the main source of
this enzyme activity in the zymosan-injected air pouch exu-
dates. It is interesting to note that zymosan induces in vitro the
release of lysosomal enzymes and PLA, activity in rabbit
neutrophils (Traynor & Authi, 1981) and mouse peritoneal
macrophages (Wightman er al., 1981).

In the rat air pouch stimulated by zymosan, activated cells
synthesized eicosanoids at an early stage (4 h) and released
myeloperoxidase mainly at 8 h. At this time there was also
secretion of PLA, activity into the inflammatory exudate. The
similarity in the time-response dependence of these last two
events suggests that there is a relationship between them,

g 100

z

% 5+

©

<

o 50

(7]

@

2

2 251

Q

(7]

o

& oL
L l l 1 J
0 100 200 300 400

ug protein

Figure 5 Protein dependence of phospholipase A, (PLA;) activity
and influence of calcium. Data are expressed as percentages of [*HJ-
oleic acid release (means from n=3). Standard errors (not shown)
were less than 5% of the respective means. Supernatant from 8h
zymosan-injected rat air pouches was incubated for 10min with
3.2pmol of [*H]-oleic acid incorporated in E. coli. membranes. (@)
Reaction in the presence of 1mM CaCl,. (A) Reaction in the
presence of 1mM CaCl,+10mm EDTA. All activity values in the
absence of EDTA are significantly different from their corresponding
values in the presence of EDTA (P<0.01).

Table 2 Effect of scalaradial on the inflammatory response produced 8h after injection of zymosan

% inhibition

PLA, Leukocyte influx Myeloperoxidase PGE, LTB,
Scalaradial
(umol/pouch)
5 53.4+4.3%* 65.6+6.1*%* 47.0+5.5* 30.9+9.0 17.5+13.4
1 44.1 £5.2%* 27.7+£9.5 26.9 +2.5* 31.4+5.8 12.0+8.3
0.5 34.4 +8.0* 6.7+1.8 42+0.8 20.2+5.3 8.1+8.1

The values are the mean +s.e.mean (n=6-12). *P<0.05, **P<0.01 with respect to the zymosan control group.
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whereas the eicosanoid increase in exudates occurs prior to
PLA, secretion and thus does not seem to depend on the se-
cretory PLA, activity present in inflammatory exudates.

Myeloperoxidase and PLA, levels in exudates were de-
creased by scalaradial, which could reflect the inhibition of the
degranulation process in this experimental model. This com-
pound inhibits degranulation of human neutrophils induced by
receptor-activation and non-receptor-mediated stimuli (Barn-
ette et al., 1994). In fact, our experiments in rat peritoneal
leukocytes stimulated with zymosan demonstrate that scalar-
adial inhibits myeloperoxidase release, and our results also
exclude the participation of a direct inhibitory effect of sca-
laradial on myeloperoxidase activity.

On the other hand, scalaradial administered into the air
pouch partially inhibits cell migration and, in addition, it was
more potent as an inhibitor of PLA, than of myeloperoxidase
levels in exudates. Its effect in the zymosan-injected rat air
pouch probably results from a decrease in cell accumulation at
the highest dose administered, although partial inhibition of
degranulation can occur at lower doses of scalaradial, which
are unable to affect cell migration.

We have demonstrated the presence of PLA, activity in the
inflammatory exudates of the rat air pouch 8 h after injection
of zymosan. Established PLA, inhibitors like manoalide (Ja-
cobson et al., 1990) and scalaradial (de Carvalho & Jacobs,
1991) inhibit this activity in vitro in a concentration-dependent
manner. This enzyme presents the general characteristics of a
secretory type II PLA, with an optimum pH in the neutral-
basic range, an absolute requirement for calcium ions for ex-
pression of full activity in the mM range and a lack of se-
lectivity for arachidonic acid release, for it caused the release of
[*HJ-oleic acid from the 2-position of E. coli membrane phos-
pholipids (Reynolds et al., 1993; Kudo et al., 1993).

Low molecular weight PLA,s have no sequence homology
with high molecular weight cytosolic PLA,s, which translocate
to membrane in response to changes in free calcium and would
selectively cleave arachidonic acid (Clarke et al., 1991). Cyto-
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Figure 6 Concentration-dependence of the in vitro inhibitory effect
of scalaradial and manoalide on phospholipase A, (PLA;) from the
8 h zymosan-injected rat air pouch. () Scalaradial; (A) Manoalide.
The values are the means+s.e.mean (n=6). **P<0.01.

solic and secretory PLA,s have been described in a number of
cells, including neutrophils (Traynor & Authi, 1981; Balsinde
et al., 1988; Ramesha & Ives, 1993), monocytes (Wightman et
al., 1981; Ulevitch et al., 1988; Clark et al., 1990) and platelets
(Matsumoto et al., 1988; Kramer e al., 1989; Takayama et al.,
1991). PLA, enzymes may be involved in cell proliferation and
signal transduction as well as in the pathogenesis of disease
processes such as inflammation (Mukherjee et al., 1994). Se-
cretory PLA,s with the biochemical properties of group II
enzymes can be induced and secreted from cytokine-stimulated
cells (Daniels et al., 1992; Glaser et al., 1993; Angel et al.,
1993), and they are present at high levels in synovial fluid,
peripheral blood, neutrophils and monocytes of patients with
rheumatoid arthritis (Kramer et al., 1989; Bomalaski & Clark,
1993). In this experimental model the synthesis and secretion
of PLA, can be induced by TNFa, for this cytokine enhances
the expression of group II PLA, and may also facilitate
membrane phospholipid hydrolysis by this enzyme (Kudo et
al., 1993). Nevertheless, the involvement of secretory PLA,
activity in the selective release of arachidonic acid is con-
troversial, and it has been suggested that cytosolic enzymes
play a role in human neutrophils (Ramesha & Ives, 1993).
Thus, ligand-induced activation of a calcium-responsive cyto-
solic PLA, would, through the participation of G proteins and
protein kinases, lead to the release of arachidonic acid, thus
initiating the biosynthesis of inflammatory mediators (Clark et
al., 1990). However, in some cell types like rat mesangial cells,
the involvement of a secretory group II PLA; in arachidonic
acid release and PGE, synthesis in response to cytokine sti-
mulation has been demonstrated (Pfeilschifter et al. 1993).
Since several forms of PLA, are present in the same cells,
multiple pathways for arachidonic acid release may coexist.
For instance, in P388D; cells a cytosolic PLA, is involved in
the rise in intracellular arachidonic acid levels during the early
steps of cell activation, while a secretory PLA, is related to the
accumulation of arachidonic acid in the incubation medium,
thus suggesting co-operations between the two types of PLA,
in arachidonic acid release (Balsinde et al., 1994). Apart from
the release of arachidonic acid for the synthesis of mediators
like eicosanoids and platelet activating factor (PAF), other
suggested roles for secretory PLA; in inflammation can be the
destruction of micro-organisms and cell damage by hydrolysis
of membrane phospholipids in activated cells (Wright et al.,

Table 4 Effect of scalaradial on the release of myeloper-
oxidase activity induced by zymosan in rat peritoneal
leukocytes

Mpyeloperoxidase
(mu released by 10° cells)
Control 7.9+0.2
Scalaradial (0.5 um) 3.4+0.2**
Scalaradial (1 um) 2.9+0.1**
Scalaradial (2.5 um) 1.3+£0.2%*
Scalaradial (5 uM) 0.7+0.1**

The values are the mean+s.e.mean (n=6). **P<0.01.

Table 3 Effect of colchicine on cellular accumulation, myeloperoxidase and PLA, in the 8 h zymosan-injected rat air

pouch

Total cells Myeloperoxidase PLA;
(x10°mI™")  (mu mg™! protein) (x 10% c.p.m. mg™! protein)
Saline 4.5+£0.5 0.0+0.0 21.6+6.4
Zymosan 64.3+£0.9 9.6+0.9 73.6+4.9
Zymosan + colchicine 2.3+0.6** 0.6+0.3** 8.0+ 1.1**

The values are the means +s.e.mean (n=6). **P<0.01.
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1990; Kudo et al., 1993; Weiss et al., 1994), or participation in
a proliferative response and regulation of cytokine synthesis
(Bomalaski & Clark, 1993).

The marine natural product scalaradial inhibits in vitro re-
combinant human synovial and bee venom PLA; in an irre-
versible way (de Carvalho & Jacobs, 1991; Marshall et al.,
1994), whereas it shows a lower potency on cytosolic PLA,
preparations (Marshall ez al., 1994). Scalaradial also inhibits
arachidonic acid release and consequently LTB, and PAF
synthesis in human neutrophils stimulated in vitro by A23187
(Marshall et al., 1994) as well as degranulation (Barnette et al.,
1994). In vivo, the 12-epimer of scalaradial inhibits the mouse
ear oedema induced by 12-O-tetradecanoylphorbol 13-acetate
after topical administration (Marshall et al., 1994). Our results
indicate that scalaradial is an inhibitor of secretory PLA, ac-
tivity in the inflammatory response induced by zymosan in the
rat air pouch and exerts anti-inflammatory effects in vivo, with
inhibition of leukocyte migration into the pouch and myelo-
peroxidase levels. The fact that scalaradial does not decrease
eicosanoid levels in the exudates suggests that the production
of these mediators is dependent on the activity of a different
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