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Stimulated platelets release equivalent amounts of
arachidonate from phosphatidyicholine,
phosphatidylethanolamine, and inositides

M. Johan Broekman'

Divisions of Hematology/Oncology, Departments of Medicine, New York Veterans
Administration Medical Center and Cornell University Medical

College, New York, NY 10010

Abstract Thrombin-induced changes in arachidonate content
of platelet phospholipids were quantitated to establish the ulti-
mate origins of this eicosanoid precursor. Fifteen seconds follow-
ing thrombin addition (15 U/5 x 10° platelets), phosphatidylcho-
line lost 11.8 nmol of arachidonate and phosphatidylethanolamine
lost 10.5 nmol. Arachidonate in phosphatidate, phosphatidylino-
sitol, and phosphatidylinositol-4,5-bisphosphate combined
decreased by 11.0 nmol. Increases in free and oxygenated
arachidonate (41 nmol) exceeded decreases in inositides. Thus
phospholipase A, released at least twice as much arachidonate
as phospholipase C-diglyceride lipase. Phosphatidylinositol-4-
phosphate levels remained unchanged upon stimulation. There-
fore, increases in phosphatidylinositol-4,5-bisphosphate indicated
the minimum rate of phosphorylation of phosphatidylinositol to
resynthesize phosphatidylinositol-4,5-bisphosphate, following
stimulus-induced breakdown by phospholipase C. Phospha-
tidylinositol-4,5-bisphosphate increased 1.4 nmol between 10 and
15 sec following thrombin, markedly less than phosphatidylinositol
decreased (2.1 nmol). This could be due to phospholipase A,, in
addition to phospholipase C, acting directly on phos-
phatidylinositol to a greater extent than estimated by accumula-
tion of lysophosphatidylinositol, degraded rapidly by
lysophospholipase. lf Thus, upon high-dose thrombin stimula-
tion of human platelets 4) inositide metabolism via phospholi-
pase C directs initial formation of intracellular second messengers,
and sequentially, or in parallel, B) arachidonate release by phos-
pholipase Ajsupplies the largerproportion of arachidonate for syn-
theses of eicosanoids involved in intercellular communication.—
Broekman, M. J. Stimulated platelets release equivalent amounts
of arachidonate from phosphatidylcholine, phosphatidylethanola-
mine, and inositides. J. Lipid Res. 1986. 27: 884-891.
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Arachidonic acid is the most prevalent fatty acid in hu-
man platelets, accounting for 29% of phospholipid fatty
acids (1). Palmitate, stearate, and oleate represent 20, 16,
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and 16%, respectively. While PC, PE, and PI represent 38,
31, and 4% of the total phospholipid, they contain 28, 48,
and 11% of the total platelet arachidonate, respectively (1).
Thus, of all platelet phospholipids, PI is most highly en-
riched in arachidonate (1-5). Upon thrombin stimulation,
PI is degraded by a specific phospholipase C (6, 7). This
led to an hypothesis that PI was a specific, but indirect,
source of arachidonate, liberated upon platelet stimulation
via sequential action of phospholipase C and diglyceride
lipase (8). Previously, a phospholipase A,-dependent path-
way acting on PC and PI had been proposed (9-14). More
recently, PI, as the parent compound of PIP;, has been
shown to act as a reservoir for the generation of two se-
cond messengers, diglyceride (15), and inositol-1,4,5-
triphosphate. These messengers are formed from PIP, by
activation of phospholipase C following stimulation of a var-
iety of cell types (16), including platelets (17-25). Levels
of PIP, in resting platelets are less than 1% of total cellu-
lar phospholipid (26), but PIP, is rapidly generated by se-
quential phosphorylation of PI (26, 27).

Although PI is the platelet phospholipid most highly
enriched in arachidonate, PC and PE combine to provide
a potential reservoir of arachidonate seven times that of PI
(1). Mahadevappa and Holub (28) cautioned against over-
interpretation of results derived from prelabeling with radi-

Abbreviations: EPA, eicosapentaenoic acid; PA, phosphatidic acid; PC,
phosphatidylcholine (1-radyl-2-acyl-PC); PE, phosphatidylethanolamine
(1-radyl-2-acyl-PE); PI, phosphatidylinositol; PIP, phosphatidylinosit-
ol-4-phosphate; PIP,, phosphatidylinositol-4,5-bisphosphate; TLC, thin-layer
chromatography. Fatty acids are designated by number of carbon
atoms:number of double bonds.
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oactive arachidonate, because this can lead to highly het-
erogeneous labeling of different pools. When platelets were
prelabeled with arachidonate, it was initially concluded that
only PC and PI released arachidonate upon stimulation
(11, 12). Release of smaller quantities of radiolabeled
arachidonate from PE were reported more recently (29, 30).
These studies contrast with our prior investigations demon-
strating accumulation of similar quantities of unlabeled
lysoPC and lysoPE in thrombin-stimulated platelets (31).
However, the total amount of arachidonate released from
each platelet phospholipid has not been reported previously.

In the present study direct measurements of changes in
endogenous arachidonate content of platelet phos-
pholipids were carried out. The data indicate that upon
thrombin stimulation of human platelets: 1) the rise in
free and oxygenated arachidonate exceeds the release of
free arachidonate from inositides and PA by a factor of 3,
and 2) large quantities of arachidonate are released from
both PC and PE. These results directly demonstrate for
the first time that phospholipase A, is quantitatively more
significant than the phospholipase C-diglyceride lipase
pathway as a mechanism for release of arachidonate by
stimulated platelets.

EXPERIMENTAL PROCEDURES

Platelet collection and processing

Washed platelet suspensions were prepared from hu-
man platelet-rich plasma as described (21, 31, 32). Cy-
clooxygenase activity was checked prior to platelet
processing by monitoring O, consumption upon collagen
stimulation of platelet-rich plasma (31-34). Platelets were
washed twice (4°C) in Tris-citrate buffer (63 mM Tris, 95
mM NaCl, 5 mM KCI, 12 mM citric acid, pH 6.4),
resuspended in 154 mM NaCl and adjusted to a platelet
count of 10'° platelets/ml.

Experimental design

For phospholipid studies, incubations were carried out
at 37°C in open tubes, with or without stirring (21, 31,
32): 0.5 ml (5 x 10°) of platelets were added to 1.4 ml of
buffer (75 mM Tris, 95 mM NaCl, 7 mM glucose, 3 mM
KH,PO,, 0.35% defatted bovine albumin, pH 7.4).
Stimuli were added rapidly in 0.1 ml of 154 mM NaCl af-
ter a 4-min preincubation period. Incubations were
stopped by rapid addition of 7 ml of CHCl,-MeOH 2:5
(v/v). To samples for PIP and PIP, analyses, 0.5 ml of 2
M KCI-0.1 M EDTA was added immediately after the
CHCI;-MeOH (21, 26).

For O, consumption studies, the final volume of incu-
bations was adjusted to 1.2 ml by using 0.3 ml of platelets,
0.84 ml of buffer, and 0.06 ml of stimulus. O, consump-
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tion was measured (34) and expressed as nmol of O, uti-
lized per 5 x 10° platelets. This is equivalent to twice the
quantity of arachidonate oxygenated; the larger part of
the O, “burst” is due to cyclooxygenation of arachidonate
(33-35), consuming 2 mol of Oy/mol of arachidonate. Ad-
ditional O, is utilized by lipoxygenation of arachidonate
(utilizing 1 mol of Oz/mol of arachidonate), while a simi-
lar quantity of Oy is utilized by enhanced mitochondrial
respiration (35), which does not utilize arachidonate as
substrate. Thus, for every 2 mol of O, consumed, 1 mol
of arachidonate is oxygenated.

Lipid analyses

For analyses of lipids (other than PIP and PIP,), incu-
bations were extracted by a modified Bligh and Dyer
method and separated by two-dimensional TLC (1, 31, 32,
36) on 0.5 mm Redi-coats-2D (Supelco, Bellefonte, PA).
Samples (in CHCIl;-MeOH, 2:1) were spotted under N,.
Spotting tubes were rinsed twice with CHCl;-MeOH, 2:1,
which was also spotted to ensure quantitative transfer of
the lipid extract. Solvent 1 (first dimension) was chloro-
form-methanol-conc. ammonia 65:25:5 (v/v/v). After dry-
ing under N,, plates were turned 90° and developed in the
second dimension with solvent 2: chloroform-ace-
tone-methanol-acetic acid-water, 75:100:25:25:12.5
(VIvIvIvIv).

For analyses of PIP and PIP,, lipids were extracted with
2 M KCI1-0.1 M EDTA in the place of water (21, 26) and
chromatographed on Whatman K5 plates (no preadsor-
bent) in solvent 3: chloroform-methanol-conc. ammo-
nia-water (90:90:7:22 (v/v/v/v) (37, 21).

Lipid phosphorus was assayed as described previously
(31, 32).

For fatty acid analyses, plates were dried under N, fol-
lowing the second dimensional development and stained
with purified 2',7'-dichlorofluorescein or rhodamine 6G.
Visualized lipids were marked and plates were dried un-
der N,. Marked lipid areas were scraped into tubes con-
taining heneicosanoic acid (21:0) as internal standard, prior
to addition of 2 ml of 12% BCl; in MeOH for preparation
of fatty acid methy] esters (1, 32). For PIP,, duplicate sam-
ples (i.e., from 10'° platelets) were combined in order to
yield sufficient material for analyses. Fatty acid methyl es-
ters were quantitated utilizing a Hewlett-Packard 5880A
gas chromatograph, equipped with two columns (1800 x 2
mm) packed with 10% SP2340 on 100/200 mesh Chro-
mosorb WAW. N, carrier gas flow was 20 ml/min. Injec-
tion port and flame ionization detector were at 235°C and
245°C, respectively. Temperature program was 5 min at
170°C, then 5°C/min to 225°C, which was maintained for
an additional 15 min. Fatty acids were quantitated rela-
tive to the 21:0 added and expressed as nmol per 5 x 10°
platelets. This was validated by comparing fatty acid quan-
titation with phosphate content of separated phospholipids
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and depends on the quantitative nature of lipid extraction
from incubations (32). Addition of 17:0 methyl ester after
methylation of known amounts of arachidonate and 21:0
demonstrated that both fatty acids were methylated to the
same extent, without degradation of arachidonate. Trans-
methylation of phospholipid fatty acid was > 85-90%
complete. Table 1 shows that the standard deviation of the
arachidonate content of PC and PE averaged 3% of the
mearn.

Materials

Reagents were obtained as previously described (21,
31, 32).

RESULTS

Thrombin-induced hydrolysis of arachidonate
from platelet phospholipids

The arachidonate content of five phospholipid classes was
compared with that of the free fatty acids in the same in-
cubations at several time points following stimulation (Ta-
ble 1). These measurements demonstrated that in the first
15 sec of stimulation PC and PE lost approximately equal
amounts of arachidonate, 11.8 and 10.5 nmol, respectively,
while PI, PIP, and PA lost 15.5 nmol of arachidonate. Dur-
ing this time interval, 24.1 nmol of free arachidonate ac-
cumulated, while additional arachidonate was oxygenated.
Stimulation of platelets leads to O, consumption in a
“burst,” largely by arachidonate cyclooxygenation (33-35).
O, consumption, therefore, is a measure of the amount of
arachidonate oxygenated. Thrombin induced oxygenation
of 17 nmol of arachidonate/5 x 10° platelets during the first
15 sec, and 25 nmol during the first 30 sec (Table 1). Thus,
direct measurements of endogenous arachidonate content
and arachidonate oxygenation demonstrated release of a
total of 41.1 nmol of arachidonate 15 sec after thrombin ad-
dition.

The arachidonate in 3-6 nmol of arachidonoyl-stearoyl-

diacylglycerol accumulating 15 sec following thrombin
addition (6, 8) remained esterified. Therefore it comprises
part of the pool of arachidonate in inositides and PA and
reduces the net amount of arachidonate hydrolyzed from
inositides to 9.5-12.5 nmol. Thus, measurements of en-
dogenous arachidonate demonstrate that upon thrombin
stimulation PC, PE, and inositides each release similar
quantities of arachidonate, which is then available for fur-
ther metabolism, such as eicosanoid production.

Arachidonate was released in similar proportions 60 sec
following thrombin; inositides and PA lost 27.0 nmol
arachidonate, PC 32.1 nmol, and PE 26.1 nmol. Arachi-
donate in PE declined between 5 and 10 sec, then tran-
siently increased at 15 sec (Table 1), possibly reflecting en-
hanced incorporation of arachidonate into plasmalogen PE
(38). Ten sec and later following thrombin, the arachidonate
content of both PC and PE decreased (Table 1).

These measurements of endogenous arachidonate led
to two novel conclusions; 1) PC, PE, and PI release simi-
lar amounts of endogenous arachidonate upon thrombin
stimulation, 2) Phospholipase A, activity (utilizing PC,
PE, and possibly PI and/or PA [39-42]) releases at least
twice as much arachidonate as the phospholipase
C-diglyceride lipase pathway (acting only on inositides).

Effects of thrombin on arachidonate content of
platelet inositides

Changes in fatty acid content of PIP, were very rapid,;
within 5 sec the endogenous levels of arachidonate and
stearate in PIP, fell to 55-60% of baseline values (Fig. 1).
This represented a rate of decline of 1.8 nmol/5 sec. Fatty
acid content was notably higher 15 sec after thrombin ad-
dition (increasing at 1.4 nmol/5 sec), and exceeded levels
of unstimulated platelets at 30 sec. These data extend
prior observations in our own and other laboratories, em-
ploying multiple methodologies (17, 21, 43).

Qualitatively, the fatty acid composition of human
platelet PIP; remained unaltered upon stimulation (Fig.
2), closely resembling that of PI at each time interval.

TABLE 1. Changes in arachidonate content of platelet phospholipids following thrombin stimulation®
PC PE PI PA PIP, Pl + PA + PIP, Free 20:4 Oxygenatedb

Time Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 20:4

sec nmol

0 203.2 3.5 361.4 6.3 66.9 5.2 0.0 0.1 4.2 0.7 71.1 0.1 0.2 0.0

5 203.7 5.7 360.2 19.3 63.7 4.2 0.5 0.3 2.4 0.4 66.6 4.6 1.4 ND*

10 189.3 6.7 336.3 11.6 52.1 0.9 1.7 0.5 2.1 0.1 55.9 16.4 0.5 10.0

15 191.4 6.2 350.9 4.9 50.0 1.7 2.1 0.3 35 0.5 55.6 24.2 0.6 17.0
30 183.9 5.0 351.6 5.9 40.1 1.2 4.8 0.2 6.0 1.6 50.9 27.5 1.5 25.0
60 171.1 8.2 335.3 0.4 30.8 2.0 7.7 0.3 5.6 0.2 44.1 26.4 2.0 37.0

“Fatty acids were quantitated as described in Experimental Procedures. Data represent averages (n = 3) of one experiment r.eprcsentative 1?f six
studies, expressed as nmol (+ SD) of arachidonate per 5 x 10° platelets. Thrombin (0.3 U/108 platelets) was added after 4 min preincubation (0 time).

*Data derived from the time course of arachidonate oxygenation.
‘ND; Not determined.
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This resemblance is a reflection of the metabolic relation-
ship between PIP, and PI (15, 16, 26, 27). As in the case
of PI (1-5, 32, 43), PIP, consisted primarily of stearic and
arachidonic acids, with a small percentage of oleate, and
only trace amounts of palmitate and linoleate.

Stimulus-induced phospholipase C-mediated breakdown
of inositides yields arachidonoyl-stearoyl-diacylglycerol (6,
8), which is rapidly phosphorylated to PA (27, 31, 44), with
retention of fatty acid composition (32). A rapid increase
in PA occurred upon thrombin stimulation (Table 1).

PIP, reached its nadir 5 sec after thrombin addition
(Fig. 1), in contrast to PI, which showed a slight lag dur-
ing the first 5 sec, declining most rapidly (11.6 nmol/5 sec)
between 5 and 10 sec following stimulation (Table 1), This
lag in PI decrease, as compared to PIP, breakdown (Fig.
1), was examined further by lowering the incubation tem-
perature to 28°C. This slowed breakdown of PIP; and ex-
aggerated the lag in PI metabolism, as measured by
changes in phosphorus content (Fig. 3). This was not due
to a generalized reduction in phosphorylation, since phos-
phorylation of diglyceride to PA occurred rapidly at the
lower temperature (Fig. 3, middle panel). Thus, the data
support a precursor-product relationship between PI and
PIP,, implied in the hypothesis that ligand-receptor inter-
action activates phospholipase C with PIP, as substrate,
and is followed by stepwise phosphorylation of PI to
resynthesize PIP, (15, 16).

PIP,

7 [ STEARATE

ARACHIDONATE

ik OLEATE
NI ot —

U TR S S VR N ST VU S SO S’
0 0 20 30 40 50 60

SECONDS

Fig. 1. Arachidonate and stearate levels in PIP; of human platelets
exposed to thrombin (0.3 U/10° platelets). Data presented are means and
standard deviations of triplicate determinations of PIP, isolated by TLC
from 10 x 10° platelets prior to preparation of fatty acid methyl esters
for gas-liquid chromatography.
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Fig. 2. Gas-liquid chromatography tracings of representative sam-
ples of fatty acid methyl esters prepared from PIP,, obtained from rest-
ing and thrombin-stimulated human platelets (0.3 U/10° platelets). 21:0
INT. STD. is the internal standard of heneicosanoic acid added to silica
gel scrapings prior to transmethylation (see Experimental Procedures for
details). Palmitate and some stearate, as well as a fatty acid-like peak with
a retention time greater than arachidonate, were also present in samples
prepared from blank areas of silica gel. Stearate (47.1%), oleate (6.3%),
linoleate (0.5%), and arachidonate (45.0%) were the major fatty acids
(averages of six time points in triplicate: prior to, and 5, 10, 15, 30, and
60 sec after thrombin addition). Thus the fatty acid profile emphasizes
the persistence of arachidonoyl-stearoyl diacylglycerol moieties in PIP,.

Time course of free fatty acid release

Free fatty acids, bound to albumin, accumulate rapidly
following thrombin addition (Table 1; cf. 32); arachidon-
ate accumulates most rapidly, while additional free
arachidonate is oxygenated (33-35). Other fatty acids in-
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Fig. 3. Changes in platelet PIP,, PI, and PA after thrombin stimulation (0.3 U/10® platelets) at 28°C. At the
lower temperature, the lag of the decrease in PI is emphasized. In addition, breakdown of PIP, is slower than at
37°C. PA formation is still brisk, indicating that the lag in PI breakdown is not caused by a diminished platelet

capacity to phosphorylate lipids.

crease somewhat more slowly. Interestingly, stearate in-
creases at only a slightly greater rate than palmitate and
oleate (32). This is important because palmitate, stearate,
and oleate each account for about 16% of all platelet
phospholipid fatty acids (sphingomyelin excluded, {1}).
Since inositides contain little palmitate or oleate (Fig. 2;
1-5, 32), these data provide additional evidence that phos-
pholipids other than inositides are degraded. Therefore,
the phospholipase C-diglyceride lipase pathway acting on
inositides (containing only 10-12% of the total platelet
arachidonate [1]) is not an exclusive mechanism for
release of fatty acids, including arachidonate.

DISCUSSION

Arachidonate is released from multiple endogenous
sources, predominantly via phospholipase A,

Release of arachidonate occurred to a similar extent
from three phospholipid classes: PC, PE, and inositides
(Table 1). Phospholipase A,, acting principally on PC and
PE (containing seven times the arachidonate of inositides
[1]), predominates in this release. Decreases in arachidon-
ate content of PC, PE, and inositides, and increases in free
and oxygenated arachidonate provide two lines of support
for this conclusion (Table 1).

Firstly, PC and PE together released two to three times
as much arachidonate as did inositides. These data pro-
vide the first detailed analyses of sources of arachidonate
released by thrombin-stimulated platelets in the presence
of low quantities of albumin. That arachidonate is re-
leased predominantly by phospholipase A,, acting on PC
and PE, is supported by release of linoleate, which occurs
only in trace amounts in platelet inositides (Fig. 1; refs. 1,
4, 5, 32, 45-48). Therefore linoleate was hydrolyzed from
phospholipids other than inositides by phospholipase A,.
(Without albumin, fatty acids other than arachidonate
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are rapidly reincorporated [M. J. Broekman, unpublished
observations; cf. 12].)

Secondly, released free and oxygenated arachidonate
exceeded loss of arachidonate from inositides. Thus inosi-
tides are certainly not the only source of free arachidon-
ate. Release of arachidonate from inositides, prior to their
resynthesis with arachidonate from PC or PE, is not sup-
ported by the time courses of changes in PI, PC, and PE
(Table 1). Moreover, other sn2-position fatty acids are also
released (e.g., linoleate; 32), but not incorporated into in-
ositides (Fig. 1; 32, 43, 48), indicating that inositide
metabolism involves an invariant arachidonoyl-stearoyl-
diacylglycerol moiety (see below). De novo synthesis of PI
(46) is unlikely, since increases in stearate in PI or PIP,
vastly exceeded increases in palmitate (Fig. 1; refs. 5, 32,
43, 48), despite accumulation of free palmitate to almost
the same extent as stearate (32).

PIP levels remain constant following thrombin stimula-
tion, as reported by this (21) and other laboratories (17,
24, 49). However, concurrent decreases in PIP and PIP,
upon thrombin stimulation have been described (20, 43).
Similarly, net resynthesis of PIP, occurred to a large ex-
tent (17, 21), hardly (49), or not at all (43). Under the
present conditions (a constant level of PIP), the rate of
phosphorylation of PI to form PIP and thence PIP, is not
affected by net changes in PIP content. Therefore, the
net rise in PIP, levels between 10 and 15 sec after stimula-
tion (1.4 nmol, Fig. 1, Table 1) represents a minimum rate
of phosphorylation of PI to PIP,. This rate is a minimum,
since net resynthesis of PIP, occurs (Fig. 1; 17, 21), but
degradation by phospholipase C continues, demonstrated
by accumulation of inositol triphosphate (25, 50, 51).
Thus, under the present conditions, the actual flux of PI
to PIP; is likely to be higher.

Metabolism of PIP, (Fig. 1; Table 1) does not account
for the observed rapid decline of PI (Table 1). While phos-
pholipase C may act on PI in addition to PIP, (49, 51),
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inositide breakdown also occurs via phospholipase A,
(52). We previously demonstrated rapid accumulation of
lyso-PC and -PE upon platelet stimulation (31). De-
creases in PC and PE (31; Table 1) exceeded increases in
lyso-compounds (31), suggesting activation of lysophos-
pholipase(s) (53) to reduce lysophospholipid levels. There-
fore, phospholipase A; could have acted on PI (and PA)
to a greater extent than previously estimated (42, 52). This
further emphasizes the importance of phospholipase A, in
the release of arachidonate from stimulated platelets.

That phospholipase A, is quantitatively more impor-
tant for arachidonate release than phospholipase
C-diglyceride lipase is supported by a recent study (49),
which contrasts with earlier results (54). The more recent
data indicate that 25 nmol of PI/5 x 10° platelets is
hydrolyzed 15 sec after stimulation (49). Accounting for
remaining diglyceride (6, 8) and PA, less than 20 nmol of
P1/5 x 10° platelets can be hydrolyzed to free arachidon-
ate (8, 43, 54). More than twice this amount is observed free
and oxygenated at 15 sec (Table 1; 5).

Phospholipase D activation has been described in brain
(for PC, 56) and neutrophils (for inositides, 57). However,
in human platelets PA retains the characteristic fatty acid
composition of inositides (32), suggesting it is not derived
from PC or PE, while the rapid incorporation of 3?P into
PA suggests a kinase reaction, rather than phospholipase
D. Our recent results suggest activation of de novo phos-
pholipid synthesis and phospholipase A; and phospholi-
pase C upon fMet-Leu-Phe stimulation of human neu-
trophils (58, 59).

Inositide metabolism and arachidonate release consti-
tute sequential or parallel events upon stimulation of
platelets with high-dose thrombin. While representing
separate biochemical events, phospholipase C and phos-
pholipase A, can be intimately linked. Thus stimulation
by weaker agonists, or low-dose thrombin, leads to activa-
tion of phospholipase C, but not phospholipase A; (60),
possibly because [Ca**); did not reach values high enough
to activate phospholipase A, (29, 39, 40). A greater degree
of stimulation by these weak agonists is necessary to initi-
ate phospholipase A, activity, leading to release and
metabolism of arachidonate (60). The converse can be also
be demonstrated. Ionophore stimulation of phospholipase
A, only leads to activation of phospholipase C if throm-
boxane A; and/or ADP become available (21-23).

Persistence of arachidonoyl-stearoyl
composition of inositides

The fatty acid composition of PI and PIP,, as well as
PA accumulating after thrombin addition, persisted upon
stimulation (Fig. 1, Table 1; ref 32). This preference for
an invariant arachidonoyl-stearoyl diacylglycerol moiety
(32, 43, 48) is emphasized also by ex vivo studies (47).
Dietary supplementation with cod liver oil, rich in EPA,
resulted in similar plasma free fatty acid levels of
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arachidonate and EPA, reflected in incorporation of EPA
in platelet PC and PE. However, in contrast to in vitro
studies (47, 61, 62), the EPA content of PI was not in-
creased, indicating that platelets incorporate preferen-
tially arachidonate into PI in vivo (45, 47), in agreement
with the fatty acid composition of inositides (Fig. 1; ref.
32). Other blood cells (e.g., neutrophils) contain apprecia-
bly larger quantities of oleate and linoleate in PI (63)
than platelets. Persistence of arachidonate and stearate in
platelet inositides indicates that stimulation induces, via
inositide-specific phospholipase C (6-8, 15-23, 64), for-
mation of 2-arachidonoyl-1-stearoyl-sn-glycerol, but little
other diglyceride species. Therefore, it is speculated that
physiological activation of platelet protein kinase C may
occur preferentially with 2-arachidonoyl-1-stearoyl-sn-
glycerol.

In conclusion, the results demonstrate that arachidon-
ate is released largely via activation of phospholipase A,,
upon platelet stimulation with a physiological agonist.
More arachidonate is released from PC and PE than from
inositides and PA (Table 1). The importance of
arachidonate release from PC and PE is further empha-
sized by greater accumulation of free arachidonate and
oxygenated products than accounted for by release of
arachidonate from inositides. B
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