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A comparative study of eicosapentaenoic acid
metabolism by human platelets in vivo and in vitro

C. v. Schacky, W. Siess, S. Fischer, and P. C. Weber'
Medizinische Klinik Innenstadt der Universitit Miinchen, Ziemssenstr. 1, D-8000 Miinchen 2, FRG

Abstract During long-term dietary n-3 fatty acid supplementa-
tion, eicosapentaenoic acid (EPA) is not incorporated into phos-
phatidylinositol or -serine of human platelets in vivo and is not
detectable in phosphatidic acid upon stimulation with thrombin.
However, EPA is released from platelet phospholipids and
metabolized to thromboxane B; (TXBs). In contrast, in vitro,
platelets incorporate [**C]EPA into phosphatidylinositol, whether
they contain endogenous EPA in their cellular lipids or not.
Following platelet stimulation, [**C]EPA appears in phosphatidic
acid, as free fatty acid, and is transformed to TXB; BAWe con-
clude that the fatty acid compositions of platelet phospholipid
subclasses are regulated with a high degree of specificity in vivo.
Qualitative differences exist between in vivo and in vitro uptake
of EPA into platelet phospholipid subclasses. After in vivo incor-
poration, EPA is released by action of a phospholipase A, —
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The modulation of eicosanoid formation and of eicosa-
noid-related cellular functions by n-3 polyunsaturated
fatty acids is currently considered an attractive tool in the
prevention of atherosclerosis (1-5). Eicosanoids derived
from eicosapentaenoic acid (EPA) have spectra of biologi-
cal activity that differ favorably from those derived from
arachidonic acid (AA). Thromboxane A; (TXA;) is less
proaggregatory than thromboxane A, (TXA,) (6) and
leukotriene Bs is less active as a chemotactic compound
than leukotriene B, (7), whereas prostaglandin I; and
prostaglandin I are equally antiaggregatory (6). Cellular
differences exist regarding action of cyclooxygenase and
lipoxygenase on AA and EPA. For example, recently we
obtained evidence for in vivo formation of prostaglandin
I3 in man without reduction of prostaglandin I, formation
(8), which is in contrast to results from studies with
animals (9) or with endothelial cell cultures (10, 11). For-
mation of TXB; by platelets from exogenous EPA has not
been observed consistently in vitro (12, 13), whereas EPA
incorporated into platelet phospholipids in vivo is trans-

formed, to some extent, to TXB; following platelet stimu-
lation (14, 15).

AA is released in stimulated platelets either by activa-
tion of phospholipase A, (16-19) or by the combined
action of a phosphoinositide-specific phospholipase C and
a 1,2 diacylglycerol-lipase (20-22). It is not known how
EPA is released in human platelets. We therefore com-
pared uptake, release, and cyclooxygenation of EPA and
AA in human platelets after dietary enrichment with n-3
fatty acids and after in vitro incorporation. We found that
EPA is not incorporated into PI under in vivo conditions.
Following platelet stimulation, EPA is, however, released
from other phospholipids and converted to TXB;.

MATERIALS AND METHODS

Study protocol

Six healthy male volunteers (aged 26-36 years, weight
63-88 kg) took an average of 25 ml of cod liver oil (CLO)
per day for 5 months. Blood was drawn on three occasions:
the day before the CLO intake (before CLO); at the end
of the 5-month period of CLO intake (during); and 5
months after the last CLO ingestion (after CLO). Fatty
acid composition of platelet phosphatidylcholine (PC),
-ethanolamine (PE), -serine (PS), and -inositol (PI) of
unstimulated platelets was determined before, during,
and after CLO intake. Fatty acid composition of phospha-
tidic acid (PA), free fatty acids, and TXB, and TXB; was
measured from resting and stimulated platelets during
and 5 months after CLO. Labeling studies of platelets
with radioactive fatty acids were carried out during and
after CLO intake.

Abbreviations: PC, phosphatidylcholine; PE, phosphatidylethanol-
amine; P, phosphatidylinositol; PS, phosphatidylserine; PA, phospha-
tidic acid; EPA, eicosapentaenoic (timnodonic) acid [C20:5 (n-3)]; AA,
arachidonic acid {C20:4 (n-6)]; TXA,, thromboxane A,; TXAj;, throm-
boxane Aj; CLO, cod liver oil; GLC, gas-liquid chromatography; TLC,
thin-layer chromatography; DHA, docosahexaenoic acid [C22:6 (n-3)).
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Materials

Cod liver oil was provided by Méller A/S, Oslo, Norway;
composition (in %): saturated fatty acids, 17.3; monoenes,
50.4; C20:5 (n-3), 9.4; C22:6 (n-3), 13.8. Prostaglandin Do,
AA, a-linolenic acid, 2,7 -dichlorofluorescein, PA, PE, PS,
PS, PI, PC, diacylglycerol, and thrombin were purchased
from Sigma (Munich, FRG). Dimyristoyl phosphatidic
acid, butylated hydroxytoluene, and reference fatty acid
mixtures for gas-liquid chromatography (GLC) were
from Serva (Heidelberg, FRG). Bondapak C18 reverse-
phase high performance liquid chromatography columns
and equipment were from Waters Associates, MA. Silica
gel G thin-layer chromatography (TLC) plates DC 60 and
all solvents were from Merck, Darmstadt, FRG. Silica gel
NHR TLC plates without binding agent were from
Macherey and Nagel, Diren, FRG. BW 755¢ was a gift
from Burroughs-Wellcome, Research Triangle Park, NC.
[*C]AA (53-56 mCi/mmol) and [**C]EPA (53-56 mCi/
mmol) were from NEN, Dreieich, FRG. Ten percent SP
2340 on 100-120 mesh Sulpelcoport for GLC was pur-
chased from Supelchem, Griesbach, FRG. TXB, was
purchased from Upjohn, Kalamazoo, MI.

Platelet preparation

Platelet-rich plasma was prepared as described previ-
ously (23) and was adjusted with autologous platelet-poor
plasma to a final concentration of 250,000 platelets/ul. For
the analysis of the fatty acid composition in resting plate-
let phospholipid subclasses (PE, PS, PI, PC) 8 ml of plate-
let-rich plasma was used. For the analysis of free fatty
acids, fatty acids of PA, and thromboxanes, 30 ml of
adjusted platelet-rich plasma was used. Platelets were
washed twice in the presence of prostaglandin I, as de-
scribed previously (23).

Lipid analysis in unstimulated platelets

Platelet lipids were extracted (24) with butylated hy-
droxytoluene at a final concentration of 0.2% to prevent
autoxidation. Lipids were partitioned on an open silicic
acid column (0.5 g of Unisil, 100-120 mesh). Neutral
lipids (containing free fatty acids) were eluted with 10 ml
of chloroform; phospholipids and polar eicosanoids were
eluted with 6 ml of methanol and 4 ml of methanol-water
99:1.

Phospholipid subclasses were separated with chloro-
form-methanol-acetic acid-water 75:45:12:3 (25) on silica
gel NHR plates that had been activated for 12 hr at
130°C. Plates were dried under a gentle stream of nitrogen.
The zones were identified via external standards and
visualized under UV-light by spraying the plates with
0.05% 2,7 -dichlorofluorescein in methanol-water 50:50.
The zones containing PE, PS, PI, and PC were scraped
off and the fatty acid methyl esters were prepared by
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treating the phospholipids with methanol-concentrated
H,80, (80°C, 2 hr).

Plasma free fatty acids were extracted and the methyl
esters were formed as described previously (2).

Gas-liquid chromatography

Fatty acid methyl esters were formed and analyzed on
a Packard 419 gas chromatograph equipped with packed
glass columns (2 m, 0.3 cm i.d.). The carrier gas was Ny;
temperature was programmed at 2°C/min from 150-
200°C. The data are presented as percentages of the given
fatty acids (100%).

Lipid analysis in stimulated platelets

For measurement of the release of free fatty acids and
formation of PA in stimulated platelets, platelets were
incubated in a cuvette in an aggregometer with BW755¢
(100 gM) for 2 min at 37°C to block metabolism by cyclo-
oxygenase and lipoxygenase (26). Platelets were then
exposed to isotonic saline (control) or thrombin (2 U/ml)
for 60 sec. The reaction was stopped by transferring the
samples into chloroform-methanol 1:2 (24), containing
butylated hydroxytoluene (0.2%). C18:3 (n-3) and phos-
phatidic acid containing C14:0 in positions 1 and 2 were
added as internal standards. After column partitioning
(silicic acid), neutral lipids were separated with hexane-
diethylether-acetic acid 90:15:1 (27) on silica gel (NHR)
plates. PA was separated from other polar lipids with the
organic phase of ethylacetate-2,2 4-trimethylpentane-
acetic acid-water 90:50:20:100 (28) on silica gel (NHR)
plates. Identification and visualization as described above.
The zone containing the free fatty acids was eluted with
chloroform-n-heptane-methanol 56:42:2. Free fatty acids
were methylated in 75 pl of methanol with diazomethane;
fatty acids of PA were esterified with methanol-H,SO,
(80°C, 2 hr). For measurement of TXBy;, platelet lipids
were prepared, as described for PA, but in the absence of
BW 755¢c. The zone containing TXBy; was eluted with
methanol and analyzed by combined capillary GLC-mass
spectrometry as described previously (15). TXB, was
quantified via an authentic external standard by multiple
ion selection. Fragments m/z 558 (M* ~ 71) and 468 (M*
- 90 - 71) of TXBy-Me-MO-Me;Si were monitored.
Formation of TXB;, which eluted about 45 sec after
TXB, from the capillary column, was assessed by quanti-
tative comparison of the mass spectra.

Labeling experiments with ["*C]AA and ['*C]EPA

Five ml of platelet-rich plasma (250,000 platelets/ul)
was incubated in the presence of prostaglandin D, with
either ['*C]AA or ['*C]EPA (2 x 10° cpm) for 2 hr. The
samples were washed twice (23) and then either exposed
to saline (control) or to thrombin (1 U/ml) for 90 sec.
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Lipid extraction and separation of PE, PS, PI, and PC
were performed as described above. Phosphatidic acid,
TXB,3, diacylglycerol, and free fatty acids were separated
on silica gel G plates with the organic phase of ethylace-
tate-2,2,4-trimethylpentane-acetic acid-water 90:50:20:100
(28). Authentic standards were cochromatographed,
zones were identified by staining with iodine vapor and
were scraped into scintillation vials. After the addition of
scintillation fluid, the samples were counted in a Beckman
LS 330 counter (23). The data are given as percent of
controls.

Statistics

All data are presented as mean + SD of six experi-
ments from different blood donors. Two-tailed paired
Student’s t-test was applied where appropriate.

RESULTS

Fatty acid patterns of PE, PC, PS, and PI in unstimu-
lated platelets during the different dietary periods are
shown in Table 1. During CLO ingestion, EPA increased
significantly in PC and PE, whereas AA decreased in
these subclasses. EPA was, however, not detectable in PI
and PS. DHA (C22:6) increased about twofold in PC and
PS, but was not detectable in PI (Table 1).

Free EPA in plasma increased from 0.55 to 5.76% (P
< 0.005), AA remained at 4%, and linoleic acid decreased
from 17.06 to 14.26% (P < 0.01) (Table 2).

In CLO-platelets stimulated with thrombin, EPA was
not found in phosphatidic acid. Stearic acid and AA of
phosphatidic acid increased 2- to 3-fold after stimulation.
Free AA, EPA, and DHA were not detectable in unstimu-
lated platelets. Upon stimulation with thrombin, EPA
and AA were released in a ratio of 1/10, which is lower
than the EPA/AA ratio in PC or PE ('Table 1 and Table 3).

CLO-platelets (3.75 x 10°%), stimulated with thrombin,
formed 71 + 27.6 ng of TXB; and 1413 + 558 ng of

TXB, (means + SD, n = 3), a ratio of 1/20 (Fig. 1). In
control platelets before CLO intake, TXB; was below the
detection limit of our GLC-mass spectrometry method
(about 1 ng per injected sample).

To investigate the effect of the fatty acid compositions
of platelet phospholipids on the uptake and release of
exogenous AA and EPA, control and CLO-platelets were
labeled with ['*C]AA and ["*C]EPA. The overall uptake
of ["*C]JAA and [*C]EPA was comparable during the
control period and CLO-supplementation. The same was
true for the incorporation of ['*C]AA and ['*C]EPA
into the phospholipid subclasses (Table 4). During CLO,
in thrombin-stimulated platelets, less ["*C]AA was liber-
ated from PI, with a concomitant smaller formation of
1#(C-labeled PA, free fatty acids, and thromboxane, as
compared to contro} platelets. In platelets labeled with

TABLE 1. The effect of cod liver oil intake (5 months, average 25 ml/day) on fatty acid composition
of phospholipid subclasses of platelets

Platelets 16:0 18:0 18:1 (n-9)

18:2 (n-6) 20:4 (n-6) 20:5 (n-3) 226 (n-3)

PE

Before  13.60 (1.13) 26.03 (1.44) 9.17 (1.56)
During  13.84 (1.94) 23.11 (2.76) 11.12 (1.47)
After  13.82 (2.29) 21.43 (1.08)  9.54 (0.92)

pPC

Before  32.47 (3.92) 18.73 (0.67) 26.51 (2.82)
During  30.91 (3.25) 16.58 (1.03) 28.38 (2.50)
After  30.47 (2.70) 16.77 (1.59) 25.28 (2.23)

PS

Before  10.57 (0.77) 41.69 (6.95) 23.82 (4.12)
During  6.92 (1.11) 41.11 (7.66) 23.31 (4.53)
After  16.95 (8.49) 41.73 (4.48) 15.90 (0.68)

PI

Before  10.42 (1.53) 39.45 (3.36) 17.74 (3.85)
During  10.09 (2.66) 40.72 (4.28) 16.68 (4.09)
After  10.83 (1.01) 37.52 (3.60) 17.83 (2.96)

2.48 (1.04) 43.28 (2.42) 1.16 (0.16) 4.22 (0.33)
2.82 (0.72) 34.81 (1.86) 7.71 (0.86) 6.53 (2.01)"
2.74 (0.59) 45.78 (3.52) 1.67 (0.50) 4.95 (1.21)

8.00 (2.32) 12.79 (1.16) 0.47 (0.14) 1.12 (0.32)
9.90 (1.30)  9.00 (2.71) 2.87 (0.68)° 2.29 (0.43)"

10.45 (1.29) 14.67 (2.46) 0.70 (0.27) 1.59 (0.42)°

trace 21.93 (3.63) n.d. 1.93 (0.03)
trace 24.12 (3.62) n.d. 4.49 (0.57)
trace 22.69 (4.94) n.d. 2.69 (1.16)°
trace 32.38 (4.03) n.d. n.d.
trace 32.47 (3.12) n.d. n.d.
trace 33.78 (4.64) n.d. n.d.

PE, phosphatidylethanolamine; PC, phosphatidylcholine; PS, phosphatidylserine; PI, phosphatidylinositol. Samples
were analyzed before, during, and 5 months after withdrawal of cod liver oil (see Methods). Data are presented
as percent of the given fatty acids, means t+ SD from six experiments; detection limit for 20:5 (n-3) and C22:6

(n-3) was 2.5% of the amount of C20:4 (n-6).

‘P < 0.05,'P < 0.02, ‘P < 0.01, ‘P < 0.005, ‘P < 0.001, paired t-test as compared to the results on the line

above; n.d., not detectable.
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TABLE 2. The effect of cod liver oil intake (5 months, average 25 ml/day) on plasma free fatty acid composition

16:0 18:0 18:1 (n-9) 18:2 (n-6)  20:4 (n-6)  20:5 (n-3)  22:6 (n-3)

Before CLO  30.78 (3.71) 12.59 (1.53) 34.13 (4.63) 17.06 (2.66) 3.79 (1.76) 0.55 (0.29) 1.24 (0.90)
During CLO  27.05 (2.08) 14.72 (1.59) 29.93 (2.43) 14.26 (2.43) 4.33 (1.31) 5.76 (1.73)" 3.88 (2.02)

Samples were analyzed before and during cod liver oil (CLO) ingestion (see Methods). Data are presented as per-
cent of plasma free fatty acids, means + SD from six experiments.
“P < 0.01, paired t-test; *P < 0.005, paired t-test; ‘P < 0.03, paired t-test.

['*C]EPA, no such differences could be observed, except
for FFA, which also decreased during CLO (Table 5).

DISCUSSION

During long term dietary administration of CLO, EPA
is neither incorporated into human platelet PI nor PS
(Table 1), despite a large increase of EPA in plasma free
fatty acids (Table 2). The same is true for PA from un-
stimulated and thrombin-stimulated platelets (Table 3).
These data and similar results in previous short-term
dietary studies (29, 30) are in contrast to animal experi-
ments, where rats incorporated EPA into PI and PS of
platelets after dietary fish oil (31, 32). The results differ
also from in vitro labeling studies with human platelets
since ['*C]EPA is readily incorporated into platelet PI in
vitro (Table 4) (14, 32-35). Platelet preparation and
washing as performed in this study leaves platelets in
discoid shape (36). PGD, was added during labeling to
prevent platelet activation; unstimulated platelets con-
tained extremely small amounts of labeled PA and TX.
This indicates that platelet activation during preparation
and labeling of platelets is highly unlikely. Therefore,
depletion of PI of AA or EPA in unstimulated platelets
by activation of a phospholipase does not occur during
this procedure. ['*C]EPA was also incorporated into PI of
platelets isolated during the CLO period, therefore ex-
cluding a specific inhibition of EPA incorporation into

platelets in vivo due to a change in plasma milieu. A high
affinity incorporation of AA and EPA, probably via a
specific acyl-CoA synthethase present in platelets (37),
could explain the rapid uptake of ['*C]AA and ["*C]EPA
into platelet phospholipids in vitro (Table 3) (14, 32-35).
Such a mechanism, however, does not explain in vivo-in
vitro differences of EPA incorporation into platelet phos-
pholipid subclasses.

To investigate further the regulation of fatty acid com-
position in platelet phospholipid subclasses, plasma free
fatty acids and the fatty acid composition of PI, PC, and
PE, platelets were analyzed before and 2, 4, 8, and 24 hr
after ingestion of 60 ml of CLO in a single dose. EPA in
plasma free fatty acids remained at control values at 2 and
4 hr, increased to the levels of AA at 8 and 24 hr, but was
not detectable in PI of platelets at any time, although it
increased in PC and less so in PE of platelets at 8 and 24
hr (C. v. Schacky, W. Siess, S. Fischer, and P. C. Weber,
unpublished observations). It is therefore very unlikely
that, in vivo, ingested EPA might be incorporated into P1
and subsequently transacylated to PC or PE.

Two regulatory mechanisms for membrane phospholipid
fatty acid compositions have been suggested. 7) Fatty
acids are introduced into phospholipids during de novo
synthesis in the endoplasmic reticulum and phospholipids
are then transported to other organelle membranes where
a first tailoring takes place. 2) A “fine tuning” of the fatty
acid compositions is supposed to be carried out by en-
zymes in the membranes. It is unclear at present to what

TABLE 3. Free fatty acids and fatty acid composition of phosphatidic acid in resting and stimulated platelets

16:0 18:0 18:1 (n-9) 20:4 (n-6) 20:5 (n-3) 22:6 (n-3)
wg + SD
Free fatty acids
Saline 33.29 (8.28) 56.54 (18.48)  2.08 (0.71) n.d. n.d. n.d.
Thrombin 44.37 (11.56) 71.15 (11.59) 3.15 (0.25) 5.69 (2.29) 0.60 (0.22) n.d.
Fatty acids of phosphatidic acid
Saline 5.29 (1.81) 3.67 (0.86) 3.39 (0.88) 2.37 (0.69) n.d. n.d.
Thrombin 5.26 (1.20) 7.49 (157  3.94(1.19)  6.04 (0.93) n.d. n.d.

460

Platelets (3.75 x 10°) were isolated from volunteers who were on supplementary cod liver oil for 5 months (25 ml/day).
Platelets were preincubated with the cyclooxygenase and lipoxygenase blocking agent BW755¢ (100 uM) for 2 min
at 37°C, and exposed to either thrombin (2 U/ml) or saline for 60 sec (see Methods). Detection limit for free fatty
acids, 100 ng; for phosphatidic acid, 200 ng per sample.

‘P < 0.01, paired ¢-test; *P < 0.001, paired i-test; n.d., not detectable.
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Fig. 1. Left, multiple ion selection tracings of TX (thromboxane) B,
and TXB; (Me-MO-Me;Si-derivatives) generated from endogenous
arachidonic acid and eicosapentaenoic acid in washed human platelets
stimulated with thrombin. TXB; (l) elutes about 45 sec after TXB,
from the capillary column. Common fragments m/z 558 and 468 were
monitored. Sensitivity of the tracings is lowered by the factors indicated
and is adjusted to the highest occurring peak. Right, multiple ion selec-
tion tracings of TXB; alone. Sensitivity of the tracings is not adjusted
to the TXB, peaks.

extent which mechanism regulates the fatty acid composi-
tion in different platelet phospholipid subclasses in vivo
(for review see reference 38). In platelets, at least one of
these mechanisms seems to be ineffective in vitro.

In platelet PC and PE, EPA increased from a control
value of 3% to 22% (PE) or even 32% (PC) of AA during
CLO (Table 1). Free EPA appeared in washed platelets
upon stimulation with thrombin in an amount of 10% of
AA (Table 3), and TXB; was formed in an amount of
about 5% TXB,. Thus, EPA is not only released to a
lesser extent than AA, but it also seems to be metabolized
less readily. We have previously demonstrated the forma-
tion of TXB; in platelet-rich plasma upon stimulation
with collagen after dietary n-3 fatty acids (15), but part of
the TXB; in that study could have been derived from
plasma EPA. In the present study, washed platelets were
used, thus TXB; must be derived from EPA bound to
platelet lipids.

PI in resting platelets and PA from stimulated platelets
display a virtually identical fatty acid composition during
control and CLO-supplementation (Tables 1 and 3, refs.
39, 40). As in PI, EPA does not appear in PA of stimulated
platelets (Table 2). EPA is set free upon stimulation with
thrombin and this clearly points to another source of
EPA, such as PC or PE. Unsaturated 20 carbon fatty
acids are located exclusively in the 2 position of the re-
spective phospholipid subclass (40, 41). We therefore con-
clude that in vivo EPA is released via action of a phos-
pholipase A, on either PC or PE, or both, and that PI is
degraded most likely through a combined action of a
phospholipase C and a diacylglycerol-kinase to phospha-
tidic acid (Fig. 2).

CLO had no influence on the overall in vitro incorpora-
tion of ['*C]AA and ['*C]EPA (Table 4); this is in agree-
ment with published data (31). Uptake and release of
['*C]AA and ["*C]EPA are mainly observed in PC and
PI; both display a higher metabolic activity than relative
to their mass in the platelet membrane (40-42). PC is
degraded during platelet stimulation at a slower rate than
PI (4, 16, 43), thus the small decrease of radioactivity in
PC could be explained by our short time (90 sec) of
thrombin stimulation.

In vitro, ['*C]EPA is incorporated into all phospholipid
subclasses, especially PI, released and metabolized to
["*C]TXB; upon stimulation with thrombin. The action
of both a phosphoinositide-specific phospholipase C to-
gether with a diacylglycerol-lipase (20-22) and a phospho-
lipase A, (16-19) could explain these findings and could be
active in vitro. Since PI does not contain EPA after dietary
supplementation, a combined action of phosphoinositide-
specific phospholipase C and diacylglycerol-lipase cannot
release EPA.

In platelets obtained during CLO ingestion and pre-
labeled with [**C]AA, thrombin (1 U/ml) induced less
degradation of ['*C]PI, and less formation of ['*C]PA
(Table 5). The reduced formation of ['*C]TXB,, as ob-
served in this study, is in agreement with a previous study
(33). PI degradation by phospholipase C upon high con-

TABLE 4. Uptake of ['*C]AA and ['*C]EPA into unstimulated platelets

Uptake PE PC PS PI PA X DG FFA
¢pm + SD % incorporation + SD
["*C]AA
Control platelets® 163,670 (44,290) 12.2 (1.9) 64.4(2.0)0 2.3(1.5) 18.6(3.3) 1.0(0.2) 0.2(0.0) 0.8(0.4) 0.6(0.2)
CLO platelets 136,640 (40,040) 11.6 (2.2) 63.3(4.4) 23(0.8) 19.9(58) 1.1(0.3) 0.3(0.1) 0.9(0.3) 0.7(0.4)
['*C]JEPA
Control platelets 60,600 (27,410) 13.5(1.3) 67.3(3.5) 3.1(1.5) 13.1(3.3) 1.5(0.2) 0.4(0.3) 0.5(0.4) 0.8(0.4)
CLO platelets 65,870 (37,420) 12.3 (2.1) 68.0 (4.0) 2.8(1.4) 13.7(4.0) 1.2(0.5) 0.4(0.2) 0.7(0.3) 0.9(0.3)

During control and dietary cod liver oil (CLO) supplementation, platelet-rich plasma was labeled for 2 hr in the presence of PGD, with [*C]AA
and ["*C]EPA (2 x 10° cpm). Determinations were performed in washed, unstimulated platelets; data from six experiments.
“All comparisons between control and CLO not significant.
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TABLE 5. Effect of dietary CLO supplementation (5 months, 25 ml/day) on the metabolism of ['*CJAA or [**C]EPA in stimulated platelets

PE PC PS PI PA TX DG FFA
% of unstimulated controls (= 100%) + SD

[“C]AA

Control platelets® 106 (3.6) 92 (3.8) 110 (19.2) 70 (6.8) 807 (179) 3002 (1413) 170 (59) 479 (80)

CLO platelets 110 (15.2) 93 (10.6) 89 (21.3) 83 (10.7¢ 587 (208) 2052 (1275F 193 (35) 360 (98)’
["*C]EPA

Control platelets 117 (8.4) 96 (6.1) 117 (19.6) 76 (9.4) 319 (61) 426 (121) 116 23) 348 (37)

CLO platelets 118 (20.8) 88 (24.6) 122 (41.0)  75(11.7) 326 (98) 442 (234) 135 (5) 234 (57)"

Platelets were prelabeled with [**C]AA and ['*C]EPA (2 x 10° cpm), washed, and then stimulated with thrombin (1 U/ml) for 90 sec (see Methods);
data from six experiments.
°P < 0.02, paired t-test; *P < 0.05, paired t-test; ‘P < 0.001, paired t-test. All other comparisons were not significantly different from each other.

centrations of thrombin (1-2 units/ml) is independent of
cyclooxygenase metabolites (44). Thus a diminished
formation of endoperoxides and TXA, leading to a re-
duced stimulation of phospholipase C and formation of
phosphatidic acid cannot be invoked. AA and EPA com-
pete for platelet cyclooxygenase, but the AA/EPA ratio
necessary for a 50% inhibition of TXB, formation (as
observed in our in vitro experiments, Table 5) was re-
ported to be 1:1 (6). Thus, competition between AA and
EPA for cyclooxygenase also cannot be the only explana-
tion of the 50% inhibition of ['*C]TXB, formation in the
EPA-enriched platelets. During CLO, less ['*C]AA or
["*C]EPA was detected in the free fatty acids of platelets
after stimulation with thrombin (Table 5), suggesting that
the coupling of the thrombin receptor to phospholipase C
and A, might be impaired by n-3 fatty acids. Changes of
physicochemical properties of membranes might
contribute to this reduced aggregability as well. Changes
in membrane fluidity, as observed in model membranes,
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Fig. 2. Possible pathways for the biosynthesis of thromboxane A,

and thromboxane A; by human platelets from endogenous precursor
fatty acids during ingestion of an eicosapentaenoic acid-enriched diet.

462 Journal of Lipid Research Volume 26, 1985

occur with the degree of fatty acid unsaturation (38), and
alterations in cell deformability have been observed in red
cells after dietary n-3 fatty acids (45). As measured in
platelets ex vivo, AA was reduced in PC and PE during
CLO; this could partly explain a reduced TXB,
formation and platelet aggregability ex vivo (2-4, 8, 15),
but not our results in vitro, since the uptake of ['*C]AA
was comparable during the CLO and the control periods.

We conclude that fatty acid incorporation into platelet
membrane phospholipid subclasses occurs with a high
degree of specificity in vivo. In vitro this specificity is
different. Platelets, labeled endogenously with EPA, form
TXB; upon stimulation with thrombin in spite of the
absence of EPA in platelet PI, PA, and PS. This under-
lines a dominant role of a phospholipase A, for the release
of eicosanoid precursor fatty acids during platelet activa-
tion at least with high doses of thrombin. In EPA-enriched
platelets, formation of TXB, from cellular AA is reduced,
and this is not simply explained by reduced AA content
in phospholipids or competition of AA and EPA for cyclo-
oxygenase. il§
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