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Abstract-Exposure of [114C] AA labeled guinea-pig alveolar macrophages to FMLP for 15 min induced 
an extensive mobilization of AA from phospholipids. PC and PI mainly contributed to the AA release, 
and labeled PE remained unchanged. Analysis of ether-linked phospholipids showed a significant 
breakdown of labeled diacyl and alkyl-acyl PC and an increase in labeled alkenyl-acyl PE. 

When administered intravenously to guinea-pigs, the 
chemotactic peptide N-formyl-L-methionyl-L-leucyl- 
L-phenylalanine (FMLP)§ triggers leukopenia and a 
platelet-independent bronchoconstriction PI. 
Alveolar macrophages (AM) are also activated by 
FMLP [2], and therefore could play a role in 
bronchoconstriction. 

N-formyl peptides induce a release of arachidonic 
acid (AA) from guinea-pig peritoneal macrophages 
[3] and from neutrophils [4] as well as an increased 
production of AA metabolites by macrophages [3]. 
The phosphatidyl inositol diphosphate breakdown is 
detected within the first minutes of cell stimulation, 
and is rapidly reversed [5]; AA release slowly 
increases up to lO-15min [3,6]. So far, the par- 
ticipation of each lipid subclass to the AA mobi- 
lization during FMLP stimulation has not been 
clearly established. 

This led us to study the FMLP-induced AA release 
and to demonstrate that it originates mainly from PI 
and PC in guinea-pig AM. 

MATERIALS AND METHODS 

Guinea-pig AM were collected and prelabelled for 
1 hr with 0.5 PCi of [114C] AA (60Ci/mol, 

t To whom correspondence should be addressed. 
5 Abbreviations used: PI, diacyl glycerophosphoinositol; 

PC, 1 radyl-2-acyl-glycerophosphocholine; PE, 1 radyl-2 
acyl-glycerophosphoethanolamine; FMLP, N-formyl- 
methionyl-leucyl-phenylalanine; AA, arachidonic acid; 
TG, triacyl glycerol; PS, diacyl glycerophosphoserine; AM, 
alveolar macrophage; FFA, free fatty acid. 
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Time course of AA release: data represent the 
percentage of radioactivity released into the culture 
medium by control (V) and FMLP-stimulated (0) alveolar 
macrophages. Macrophages were prelabeled with 
[“Cl AA for 1 hr prior to the stimulation. At the end of 
the incubation, the medium was collected and the released 
radioactivity was measured by liquid scintillation. The 
results are expressed as: 

cpm released in medium x 100 

cpm in whole cell extract + cpm in medium 

Broken lines represent the difference between FMLP and 
control cells. 

Amersham) as previously described [7]. The cells 
were then incubated with FMLP (Sigma) for 15 min. 
After incubation, the medium was removed and 
counted by liquid scintillation. The cells were then 
washed 3 times with saline, and scraped. 

Table 1. Effect of FMLP (15 min) on the release of radioactivity in medium by alveolar macrophages 
prelabeled with [l W] AA for 1 hr 

Control lo-‘* M lo-” M 1O-9 M lo-‘M lo-‘M 1O-6 M 

Radioactivity 
in medium 
(% of total) 2.5 2 2 2.5 22.5 26 25.5 

For % determination, see Fig. 1. A single experiment (one of three) is shown. 
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Total lipids were extracted by the method of Bligh 
and Dyer [S] and were resolved by TLC: the lates 
were developed in chloroform/methanol water P 
(65 : 25 : 4, v/v) and then in petroleum ether/diethyl- 
ether/glacial acetic acid (90 : 30 : 1, v/v). The sep- 
aration of the subclasses of diacyl and ether linked 
PC and PE was achieved according to Blank et al. 
[9]. The different lipid classes and subclasses were 
visualized by autoradiography, scraped into scin- 
tillation vials and counted by liquid scintillation. 
Student’s paired t-test was used for statistical 
calculations. 

RESULTS AND DISCUSSION 

Figure 1 shows that 10m6 M FMLP induced a large 
increase in the release of radioactivity, which reached 
a plateau after 10-15 min. A similar time course has 
been observed for guinea-pig peritoneal macro- 
phages [3], rabbit peritoneal leukocytes [6], and 
guinea-pig AM stimulated by PAF-acether [7]. 

As shown in Table 1, 1O-9 M FMLP had a neg- 
ligible effect whereas lO_sM was very effective; 
maximal effect was observed at lo-’ and 10e6M. 
These results are in good agreement with the equi- 
librium constant for the receptor occupancy 
(1.45 x lo-* M) [lo], and with the concentration 
which induces the release of thromboxane B2, con- 
tracts a guinea-pig lung strip [l], or stimulates the 
production of superoxide anion by guinea-pig AM 
P-I* 

The stimulation of AM by FMLP for 15 min 
induced a large and significant decrease of [1t4C] AA 
incorporated in PI and in PC (Table 2). In this 
respect, our results differ from those reported on 
guinea-pig peritoneal macrophages (release from PI 
only) [3], rabbit peritoneal leukocytes (release from 
PC only) [6], and guinea-pig peritoneal neutrophils 
(release from PI, PC and PE) [4]. 

Our experiments did not allow discrimination 
between a phospholipase A2 or a phospholipase C 
pathway for the release of AA from PI. However, 
in further experiments in vitro, we showed that 
FMLP did not stimulate the hydrolysis of PI by 
phospholipase A2 [ll]. In contrast, the release from 
PC may result from the activation of a phospholipase 
A2 [ll, 121. 

The release of radiolabeled material to the 
medium by FMLP after 15 min accounted only in 
part for the decrease in the radioactivity of PC and 
PI. There was also a significant increase in the label- 
ing of intracellular free AA and TG (Table 2). Such 
a transfer has been shown in resting [13] or calcium 
ionophore-stimulated AM [ 141. This hypothesis is 
consistent with the well-known increase of digly- 
cerides under the effect of FMLP [3,4, 151. 

Approximately 6% of the radioactivity was found 
in an unidentified phospholipidic fraction, which may 
be the lyso(bis)-phosphatidic acid, present in large 
amounts in AM [16]. The [114C] AA incorporated 
in the unidentified fraction did not change during 
FMLP stimulation (Table 2) nor during PAF-acether 
stimulation of guinea-pig AM [7]. 

The participation of each subclass for the total 
release of 14C AA from PC was nearly proportional 
to the labeling of each species: a 31% decrease in 
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Table 3. Evaluation of the participation of each subclass of 2 arachidonyl phospholipid for the release of AA during the 
stimulation by FMLP 

% of total % of 14C AA 
arachidonyl incorporated 

molecular species in 1 hr 
(a) (b) 

% of release 
in 14C AA 

(c) 

Participation of 
each molecular 

specie 
(d) = (a) x (c) 

100 

1 Acyl 2 arachidonyl PC 9.9 22.4 -31 -3.1 
1 Alkyl 2 arachidonyl PC 26.7 21.4 -26 -6.9 
1 Alkenyl 2 arachidonyl PC 4.2 5.0 -29 -1.2 
1 Acyl 2 arachidonyl PE 6.3 4.3 -11.6 -0.7 
1 Alkyl 2 arachidonyl PE 5.2 3.7 + 9.5 - 
1 Alkenyl 2 arachidonyl PE 25.1 12.2 +12.5 - 

1 Acyl 2 arachidonyl PI 21.5 27.0 -38 -8.2 

(a) Values calculated from literature [22,23]; 100% is the total arachidonyl molecular species. 
(b) Values calculated from Table 2; 100% is the total r4C AA incorporated in PC + PE + PI + PS. 
(c) Results reported in Table 2; 100% is the initial labeling of each subclass. 
(d) Evaluates the participation of each subclass to the release of AA induced by FMLP (a x c). 

diacyl PC, a 26% decrease in alkyl-acyl-PC and a 
29% decrease in alkenyl-aceyl-PC (Table 2). When 
AM were labeled in the same conditions, various 
challenges including PAF-acether [7] and calcium 
ionophore [ 171, also induced a decrease in alkyl-acyl 
and diacyl-PC in addition to PI. 

Taking into account the repartition of AA into 
diacyl, alkyl-acyl, alkenyl-acyl-PC and diacyl-PI, the 
distribution of [114C] AA in AM labeled for 1 hr, 
and the release of [114C] AA expressed as the % 
decrease of the initial radioactivity of each subclass, 
we evaluated their participation to the release of 
radioactive material (Table 3). In agreement with the 
findings of Nakagawa et al. for zymosan-stimulated 
rabbit AM [17], diacyl-PI and alkyl-arachidonyl-PC 
are clearly the most important donors. 

A non-significant increase in the labeling of total 
PE upon FMLP stimulation (Table 2) was found, 
which resulted from two opposite effects: a non- 
significant decrease of the radioactivity in diacyl-PE 
and a significant increase in alkenyl-acyl-PE (Table 
2). 

The transfer of AA into alkenyl-acyl-PE also 
occurred when AM were stimulated by PAF-acether 
[7]. Such a transfer has been described in stimulated 
AM [18] and platelets [19], which requires the pres- 
ence of a 1 alkenyl-2 lyso-PE acceptor [20]. This 
mechanism implies a hydrolysis of 1 alkenyl-2 acyl- 
PE before the transfer occurs. Since AA represents 
more than 50% of the fatty acids in the Sn 2 position 
in this subclass [21], it should be released during the 
hydrolysis of alkenyl-acyl-PE. After a 1 hr labeling 
of AM by AA, alkenyl-arachidonyl-PE exhibited a 
very low specific activity (Table 3). Therefore in our 
experiments, the specific activity of alkenyl-ara- 
chidonyl-PE is much lower than in 14C AA donors 
(Table 3) especially diacyl-PC. The net result of this 
transfer mechanism might explain the increase in the 
alkenyl-acyl-PE. 

CONCLUSIONS 

Prelabelled guinea-pig AM stimulated by FMLP 
showed a very marked increase in the mobilization 
of AA from phospholipids. This increase resulted 

from a significant breakdown of PI, diacyl PC and 
alkyl-acyl-PC. Concomitantly 14C AA was increased 
in alkenyl-acyl-PE, which may result from the release 
of poorly labeled AA from alkenyl-acyl-PE and from 
a transfer of highly labeled AA from all PC subclasses 
(mainly alkyl-acyl-PC) and PI. The large release of 
AA from alkyl-acyl-PC increases the availability of 
1 alkyl-2 1ysoPC (lyso PAF-acether) which, in AM, 
is the precursor of PAF-acether [21]. This mechanism 
could lead to an increased production of PAF- 
acether, and may contribute to the amplification of 
the stimulation by FMLP. 
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