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Introduction 

Epidemiological evidence suggests an inverse relation- 
ship between the consumption of marine foods rich in 
omega-3 fatty acids and the incidence of cardiovascu- 
lar disease.l4 Numerous studies have shown a damp- 
ening of platelet function following the ingestion of fish 
or fish oils (for review see References 5,6). Despite the 
fact that fish/fish oils contain both eicosapentaenoic 
(20:5n-3) and docosahexaenoic (22:6n-3) acids (EPA 
and DHA), relatively few studies have attempted to 
discriminate between the effects of these two fatty 
acids on platelet reactivity. This article will review the 
evidence to date using human platelets which indicates 
that DHA, in addition to the more well-known effects 
of EPA, may contribute to the dampened platelet reac- 
tivity observed following fish/fish oil feeding. The me- 
tabolism and possible mechanisms of action of this 
fatty acid in human platelets will also be discussed. 
The structure for DHA is given in Figure 1 (shorthand 
version). 

DHA and platelet aggregation 

Various approaches have been used to study the effect 
of DHA on platelet aggregation: short-term incubation 
with exogenous DHA; in vitro enrichment of platelet 
phospholipids by longer incubations with DHA; and 
ex vivo platelet aggregation following oral administra- 
tion of purified DHA. 

Short-term incubations with DHA 

Rao et al. 7 were the first to report inhibition of platelet 
aggregation by exogenous DHA. In platelet rich 
plasma (PRP), 150 I~M DHA completely inhibited 
platelet aggregation induced by 450 ~xM arachidonic 
acid (20:4n-6, AA), as well as the second wave of ag- 
gregation induced by epinephrine and adenosine di- 
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phosphate (ADP). Using similar conditions, Sriva- 
stava 8 also reported a dose-dependent inhibition of 
collagen-, epinephrine-, and AA-induced aggregation 
by exogenous DHA. In washed platelet suspensions, 
DHA has been shown to inhibit platelet aggregation 
induced by the endoperoxide analogue (U46619), 9'1° 
AA, 9 and to a limited extent by low dose thrombin 
(0.05 U/ml). 9 DHA was without effect when a higher 
dose of thrombin (0.25 U/ml) was used. 9 In the studies 
using washed platelet suspensions, 9'1° DHA was con- 
siderably more potent than EPA at inhibiting platelet 
reactivity. 

In contrast to these results, DHA was reported to 
be much less potent than either EPA or dihomo-'y- 
linolenic acid (20:3n-6) (DGLA) at inhibiting ADP 
(3.75 I~M) induced aggregation in PRP. 11 A potential 
problem with this study was that free fatty acids 
(FFA), in toluene, were added to aggregometer cu- 
vettes, and the toluene evaporated under nitrogen 
prior to the addition of PRP. Since the PRP was not 
subsequently analyzed for FFA content, it is impossi- 
ble to determine the actual concentration of DHA to 
which the platelets were exposed. An interesting ob- 
servation of this study, however, was that the concen- 
tration of DHA required for inhibition of mitogen re- 
lease from stimulated platelets was considerably lower 
than that required for inhibition of aggregation. Plate- 
let mitogens are believed to play a major role in the 
progression of atherosclerotic disease. 12 

Recently O'Keefe and colleagues t3 have deter- 
mined that a trans isomer of DHA (22:6A19t) was 
equally effective as the all-cis form at inhibiting AA- 
induced aggregation. Although trans-19 bond DHA 
(22:6A19?) has been indentified in the liver lipids of 
rats fed heated linseed oil, J4 and trans linolenic acid (a 
potential precursor of 22:6A19?) has been found in oils 
used commercially, j~ it is not presently known 
whether this isomer of DHA exists in human tissues 
or plasma at significant levels. 

Although the above results have demonstrated that 
FFA-DHA is indeed antiaggregatory, a potential prob- 
lem exists as to the physiological relevance of these 
findings. Since DHA is poorly released from platelet 
phospholipids upon agonist stimulation 16,17 (as will be 
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DHA, Docosahexaenoic Acid, 22:6n-3 
Figure 1 Structure (simplified) of docosahexaenoic acid (22: 
6n-3) 

discussed shortly), we reasoned that plasma may be 
an important source of free DHA to which platelets 
are exposed. To test the hypothesis that plasma DHA 
may contribute to the dampened platelet aggregation 
observed following fish/fish oil feeding, we designed 
an in vitro system which attempted to simulate the in 
vivo situation in regard to plasma FFA-DHA.18 Using 
this protocol, 20 I~M DHA, a concentration potentially 
attainable in vivo, 19'2° significantly inhibited platelet 
aggregation induced by a sub-maximal dose of colla- 
gen. EPA at the same concentration, which is higher 
than would be expected in plasma FFA in vivo, was 
much less potent. Interestingly, 20 I~M AA and 
DGLA, which have been shown to stimulate n or in- 
hibit 11 platelet aggregation, respectively, under differ- 
ent incubation conditions, had no effect on collagen 
induced aggregation in this study. 

Platelet aggregation following in vitro 
incorporation of  DHA 

With short-term incubation (as in the above section), 
little esterification of fatty acid into platelet phospho- 
lipids occur. 22 In order to study the effect of phospho- 
lipid esterified with DHA on platelet aggregation in 
vitro, a longer period of incubation (e.g., 2 hrs) fol- 
lowed by washing of the platelet suspension is re- 
quired. Using this approach, Croset and Lagarde 17 re- 
ported that the dosage of thrombin, collagen, and 
U46619 required for 50% aggregation was significantly 
higher when platelets were pre-enriched with DHA. 
In all cases, the effect of DHA enrichment was greater 
than the corresponding effect of EPA. DHA was also 
more effective alone than when platelets were simulta- 
neously enriched with EPA. 

The in vitro approach has the advantage of speed 
and prevents the potential problem of retroconversion 
of DHA to EPA as occurs in vivo. 23'24 It is uncertain, 
however, whether DHA is esterified to the same pool 
of platelet phospholipids during in vitro incubation as 
compared to when it is orally administered. 

Platelet aggregation following oral 
administration of  purified DHA 

Very few studies, as compared to the large number 
of fish/fish oil feeding trials, 6 have examined platelet 
aggregation following oral administration of purified 
DHA. Von Schacky and Weber 23 reported a significant 
inhibition of both collagen (0.50 i~g/ml) and ADP (1 
IxM) induced aggregation following the ingestion of 6 
g of DHA for 6 days. At the same dosage, EPA was 
less effective. Hirai and colleagues, 24'25 on the other 
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hand, have found DHA to be less effective than EPA 
at dampening platelet function when consumed in the 
same amount (3.6 g for 24 days). While EPA intake 
significantly inhibited collagen- (0.50 and 1.0 ixg/ml), 
ADP- (2.0 and 3.0 ~M), and epinephrine- (0.5 and 1.0 
~g/ml) induced aggregation, the effect of DHA inges- 
tion was only significant in the case of collagen. 24 Simi- 
lar results were obtained by this group when hyperlip- 
idemic (type IIa and IIb) subjects were studiedfl 5 
Although the reason for this discrepancy is not known, 
it could be due to differences in the populations stud- 
ied (Western vs Japanese), the duration, or dosage of 
DHA used. In both studies, platelet aggregation was 
performed in PRP. Since plasma from fasting Japanese 
subjects has been reported to contain approximately 3 
times the level of DHA in the non-esterified fraction 2° 
than corresponding samples from Western subjects, 16 
a less dramatic change in this pool may have occurred 
following DHA supplementation. 

Metabolism and mechanisms of  DHA action 

Incorporation and release of DHA from platelet phos- 
pholipids. In vitro incorporation of DHA into platelet 
phospholipids has been extensively studied by La- 
garde and colleagues and summarized recently. 26 Incu- 
bation of washed platelets with albumin-bound DHA 
resulted in the incorporation of approximately 10 
nmol/109 platelets, the majority of which (85%) was 
found in the phospholipid fraction. 17 Simultaneous in- 
cubation of DHA with EPA significantly reduced the 
amount of DHA incorporated (5 nmol/109 platelets). 
This observation may explain the reduced efficacy of 
DHA + EPA, as compared to DHA alone, on the 
inhibition of platelet aggregation mentioned above. 24 
Under similar conditions, linoleic acid (18:2n-6, LA) 
and AA, at physiologic molar ratios (fatty acid/albu- 
min), also reduced the incorporation of DHA. 27 The 
percentage of DHA incorporated into the phospholipid 
fraction was not altered to a significant extent by LA 
or AA. 27 Among individual phospholipids, the bulk of 
DHA was observed in phosphatidylcholine (PC) 
(64%). 17 Simultaneous incubation with EPA, LA, or 
AA shifted the balance of DHA incorporation; propor- 
tionately less being found in PC, but more in phospha- 
tidylethanolamine (PE) (13.5, 22.8, 22.2, and 26.2% 
for DHA alone or in the presence of EPA, LA, or AA, 
respectively). 17,27 

In contrast to the aforementioned findings, Fischer 
et a1.16 have observed a slightly greater in vitro incor- 
poration of DHA into PE than into PC (45.2 and 
37.0%, respectively). This discrepancy may be due to 
the use of PRP as the incubation media in the latter 
study. In agreement with Fisher et al., oral administra- 
tion of DHA results in approximately equal incorpora- 
tion into PC and PE. 24 Although labeled DHA is incor- 
porated into phosphatidylinositol (PI) in vitro (about 
7% of phospholipid DHA) 16J7 this has not been ob- 
served in vivo following purified DHA ingestionfl 3'24 A 
small amount of DHA incorporation into PI has been 
observed following fish oil administrationfl 8 Although 
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Figure 2 The percentage contributions of the individual sub- 
classes (alkyl-acyl, diacyl, alkenyl-acyl) of the various platelet 
phospholipids to the total mass of DHA esterified to platelet phos- 
pholipid. The subjects consumed a fish oil concentrate (MaxEPA) 
providing 3.6 g EPA plus 2.4 g DHA per day for 3 weeks. 31 Values 
are means _+ SE (n = 6). 

this may indicate significant differences between in 
vivo and in vitro incorporation of DHA, it could also 
reflect the fact that the in vitro data are based on lev- 
els of radioactivity. As pointed out by Weiner and 
Sprecher, 29 changes in radioactivity in platelet phos- 
pholipids do not reflect corresponding changes in 
mass, particularly in the case of PI which has a much 
shorter half life. 

Recently, it has been shown that alkenylacyl PE 
(plasmalogen) is disproportionately enriched in both 
DHA and EPA following fish oil feeding. 3° In such 
subjects, the alkenylacyl PE, diacyl PE, and diacyl PC 
represented 28.1, 27.5, and 23.0%, respectively, of the 
total mass of DHA-containing phospholipid 31 as seen 
in Figure 2. At the present time, it is not known if 
such a distribution also occurs when DHA alone is 
ingested. 

In addition to increased levels of DHA, increased 
levels of EPA 23'24 and docosapentaenoic acid (22:5n- 
3) 24 have also been reported in platelet PC and PE 
following oral DHA administration. This reflects the 
capacity of human tissues to retroconvert DHA to 
EPA. In contrast to fish oil 5 or EPA administration, 24 
DHA ingestion does not appear to decrease the con- 
tent of AA in platelet phospholipids. 23'24 This is of in- 
terest since reduced substrate (AA) for platelet 
cyclooxygenase has been suggested as a contributing 
mechanism to explain the reduced thromboxane A2 
(TxA 2) formation following fish oil feeding. 28 

Incorporation of DHA into phospholipids could 
lead to dampened platelet reactivity in at least two 
ways: agonist induced release of DHA from platelet 
phospholipids leading to interference of AA metabo- 
lism and/or production of DHA metabolites (see be- 
low); alteration of platelet membrane properties and 
hence enzyme activities due to DHA incorporation it- 
self. Since, in contrast to AA and EPA, there appears 
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to be no significant release of DHA following agonist 
stimulation, ~6'~7 the latter seems to be the more likely 
possibility. Recently, Lagarde et al. 32 have reported 
that although DHA is not released per se, agonist stim- 
ulation of platelets enriched with DHA in vitro results 
in a substantial transacylation from PC into PE. The 
significance of this observation in terms of platelet re- 
activity is not known presently. 

Decreased TxA 2 formation.  Decreased formation of 
thromboxane A 2 (TxA 2) has been suggested as a major 
mechanism in the reduced platelet reactivity following 
fish oil supplementation of the diet. 33'34 DHA in free 
fatty acid form has been demonstrated to be a potent 
competitive inhibitor of AA metabolism by sheep ve- 
sicular gland prostaglandin synthetase. 35 In platelets 
exposed to [14C]-AA, exogenous DHA has been re- 
ported to inhibit TxA 2 formation in a dose-dependent 
manner. 7'8 Under more physiological conditions in 
terms of plasma non-esterified DHA, we have ob- 
served a decreased formation of 12-hydroxy-hepta- 
decatrienoic acid (HHT), an indicator of TxA 2 forma- 
tion in collagen stimulated platelets. 18 Interestingly, 
doubling the concentration of albumin bound DHA (40 
~M), which produced a greater inhibition of platelet 
aggregation, had less effect on HHT formation. This 
suggested that at the higher concentration of DHA 
used, mechanisms in addition to inhibition of TxA 2 
formation must be operating. One possibility which 
requires further investigation was the observation of a 
small but significant increase in the level of [3H]-PGD2 
in the presence of 40 ~M DHA. PGD 2, through activa- 
tion of adenylate cyclase, is a known inhibitor of plate- 
let aggregation. 36 

In vitro incorporation of DHA into platelet phos- 
pholipids has also been shown to reduce TxA2 genera- 
tion. 37 Since DHA was not released to any appreciable 
extent upon agonist stimulation, it was concluded that 
altered membrane properties, as a result of DHA in- 
corporation, reduced the release or cyclooxygenation 
of AA. Although it has subsequently been concluded 
by these same authors 26 that phospholipase mediated 
release of AA was probably not affected by DHA in- 
corporation into platelet phospholipids, this hypothe- 
sis has not been directly tested to date. 

In contrast to the in vitro studies, oral administra- 
tion of DHA has not been shown to reduce TxA 2 for- 
mation. 23'24 It should be noted, however, that in both 
of these studies, TxA 2 formation was not assessed un- 
der conditions in which decreased platelet aggregation 
was observed. Assessment of TxA 2 in the serum of 
clotted whole blood 23 or in washed platelet suspen- 
sions exposed to high concentrations of thrombin (1 
U) or collagen (50 ixg/ml) 24 may not have been sensi- 
tive enough to detect small changes in TxA 2 forma- 
tion, which may have occurred when platelets were 
exposed to low doses of ADP or collagen. Further 
research is therefore required to determine if a de- 
creased formation of TxA 2 contributes to the damp- 
ened platelet reactivity observed following purified 
DHA ingestion. 



Formation of 11- and 14-HDHE. Aveldano and 
Sprecher 38 were the first to characterize the major 
platelet lipoxygenase products of DHA as 1 l- and 14- 
hydroxydocosahexaenoic acid (11- and 14-HDHE). 
The formation of these products from exogenous DHA 
has been confirmed by others 16'37 and has been shown 
to be somewhat enhanced by simultaneous incubation 
with AA. 37 In vitro 14-HDHE has been shown to be a 
potent inhibitor of U46619-induced platelet aggrega- 
tion (IC50--0.45 pLM). 39 This inhibition was attributed 
to antagonism at the platelet TxAffendoperoxide (TX/ 
EP) receptor although binding studies with [3H]- 
U46619 were not conducted. 

Although 14-HDHE formation may explain partly 
the decreased platelet aggregation observed in the 
presence of high levels of exogenous DHA in vitro, 
it is uncertain whether this mechanism is operative 
under more physiological conditions. Only trace 
amounts of hydroxylated DHA metabolites have been 
observed following stimulation of in vitro DHA-en- 
riched platelets.16'37 Similar results were obtained fol- 
lowing oral administration of DHA E4 or cod liver oil.16 
Unfortunately, these latter analyses were performed 
in washed platelet suspensions, thereby neglecting the 
potential contribution of plasma albumin-bound DHA. 
Quantification of the total amount of 14-HDHE pro- 
duced from both endogenous (platelet) and exogenous 
(plasma) sources of DHA, following DHA or fish oil 
feeding, would be very useful in determining the phys- 
iological relevance of this metabolite on platelet 
function. 

Antagonism of TX/EP receptor. In addition to its hy- 
droxylated metabolite 14-HDHE, DHA itself has been 
suggested to act as a TX/EP receptor antagonist. 9'1° In 
washed platelet suspensions, the ICs0 value for inhibi- 
tion of U46619-induced aggregation was very similar 
to the ICs0 value for inhibition of specific binding of 
[3H]-U46619 (2.2 -+ 0.6 ~M and 1.5 +- 0.22 ixM, respec- 
tively). 1° To put these results into perspective, how- 
ever, it should be noted that as little as 0.5 ~M AA 
will cause substantial platelet aggregation under simi- 
lar experimental conditions. 4° As well, although 
plasma levels of DHA may be considerably higher 
than those used in this study, it is predominantly 
bound to albumin. 41 Further research is necessary to 
determine if this is a physiologically relevant mecha- 
nism of DHA action. 

Recently, Lagarde and colleagues E6 have reported 
that in vitro enrichment of platelet phospholipids with 
DHA can also decrease [3H]-U46619 binding to plate- 
let TX/EP receptors. It was suggested that this effect 
was due to a functional alteration of the TX/EP recep- 
tor site as a result of DHA incorporation into mem- 
brane phospholipids. It would be of interest to de- 
termine if this same effect occurs following oral 
administration of DHA. 

DHA and platelet signal transduction. Apart from stud- 
ies on eicosanoid formation and TX/EP receptor func- 
tion, little attention has been paid to the effect of DHA 
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on other aspects of platelet signal transduction. This 
may prove to be a fruitful area of research given that 
the presently postulated mechanisms of DHA action 
may not totally explain the effect of this fatty acid on 
platelet function. 

We have studied the effect of exogenous albumin- 
bound DHA on phosphoinositide metabolism fol- 
lowing collagen stimulation. In [3H]-glycerol prela- 
belled platelets, we observed a moderate decrease in 
[3H]-phosphatidic acid formation, an indicator of 
phospholipase C activity, in the presence of 20 ~M 
albumin-bound DHA.18 This effect, however, was also 
observed when other fatty acids which did not signifi- 
cantly affect platelet aggregation were tested. 

In subsequent studies using [3H]-inositol prela- 
belled platelets, collagen-induced formation of [3H]- 
phosphatidylinositol 4-monophosphate (PIP) and [3H]- 
phosphatidylinositol 4,5-bisphosphate (PIP 2) were sig- 
nificantly inhibited in the presence of exogenous 
albumin-bound DHA. 42 At the same concentration, 
EPA was without effect on this parameter. DHA incu- 
bation did not inhibit U46619 and phorbol ester-in- 
duced increases in [3H]-PIP and [3H]-PIPE. These find- 
ings suggested that the effect of DHA likely occurs 
prior to protein kinase C activation and TX/EP recep- 
tor occupancy. Further research is required to deter- 
mine the exact mechanism of this effect of DHA as 
well as to what extent reduced TxA 2 formation could 
be responsible. Further research is also required to 
determine the biochemical and functional significance 
of collagen-induced increases in [3H]PIP and [3H]PIPE, 
although, in addition to supplying substrate for second 
messenger generation (i.e., inositol trisphosphate and 
diacylglycerol), PIP and PIP s have been suggested to 
play a role in the regulation of calcium mobilization 43 
and actin polymerization, 44 independent of their hy- 
drolysis by phospholipase C. 

Conclusions and possible research directions 

DHA appears to contribute significantly to the inhibi- 
tion of platelet aggregation which has been observed 
following fish oil feeding. At the present time, major 
gaps exist in our understanding of how dietary DHA 
affects platelet functioning. Some of the critical ques- 
tions which could be addressed in the future include: 
following oral ingestion of DHA, to what extent does 
exogenous (plasma) as opposed to endogenous (plate- 
let) DHA contribute to the reduced platelet aggrega- 
tion? Can the plasma non-esterified pool of DHA be 
metabolized into a physiologically relevant concentra- 
tion of 14-HDHE? If so, does 14-HDHE have other 
sites of action besides the TX/EP receptor? Are non- 
platelet derived metabolites (other cells, hepatic) of 
DHA of importance? Does in vivo DHA incorporation 
into platelet phospholipids affect [3HI-U46619 binding 
to TX/EP receptor sites? To what extent does dietary 
DHA reduce TxA E formation in platelets stimulated 
with various agonists? If dietary DHA reduces TxA E 
synthesis, to what extent do endogenous (platelet) and 
exogenous (plasma) pools of DHA contribute to this 
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effect? If TxA 2 formation in stimulated platelets is de- 
creased following DHA ingestion, to what extent can 
this explain the decreased platelet aggregation? Does 
dietary DHA or its metabolites affect other aspects of 
platelet signal transduction? Answers to these and 
other questions hopefully will lead to a greater under- 
standing of the mechanisms involved in the dampened 
platelet reactivity observed following DHA ingestion. 

Acknowledgment 

The authors' research, as discussed herein, was pri- 
marily supported by the Medical Research Council of 
Canada. 

References 

1 Dyerberg, J., Bang, H.O., and Hjorne, N. (1975). Fatty acid 
composition of the plasma lipids in Greenland Eskimos. Am. 
J. Clin. Nutr. 28, 958-966 

2 Hirai, A., Hamazaki, T., Terano, T., Nishikawa, T., Tamura, 
Y., and Kumagai, A. (1980). Eicosapentaenoic acid and plate- 
let function in Japanese. Lancet 2, 1132-1133 

3 Kromhout, D., Bosschieter, E.B., and Coulander, C.L. 
(1985). The inverse relationship between fish consumption and 
20-year mortality from coronary heart disease. N. Engl. J. 
Med. 312, 1205-1209 

4 Norell, S., Ahlbom, A., Feychting, M., and Pedersen, N.L. 
(1986). Fish consumption and mortality from coronary heart 
disease. Br. Med. J. 293, 426 

5 Herold, P.M. and Kinsella, J.E. (1986). Fish oil consumption 
and decreased risk of cardiovascular disease: a comparison of 
findings from animal and human feeding trials. Am. J. Clin. 
Nutr. 43, 566-598 

6 Kristensen, S.B., Schmidt, E.B., and Dyerberg, J. (1989). Di- 
etary supplementation with n-3 polyunsaturated fatty acids 
and human platelet function: a review with particular emphasis 
on implications for cardiovascular disease. J. Intern. Med. 
Suppl. 225, 141-150 

7 Rao, G.H.R., Radha, E., and White, J.G. (1983). Effect of 
docosahexaenoic acid (DHA) on arachidonic acid metabolism 
and platelet function. Biochem. Biophys. Res. Commun. 117, 
549-555 

8 Srivastava, K.C. (1985). Docosahexaenoic acid (c 22:6to3) and 
linoleic acid are anti-aggregatory and alter arachidonic acid 
metabolism in human platelets. Prost. Leuk. Med. 17, 319-327 

9 Hatmi, M., Lussiana, J.P., Junier, J.L., and Vargaftig, B.B. 
(1988). Interference of eicosapentaenoic and docosahexaenoic 
acids with arachidonate- and U46619-induced platelet activa- 
tion and densensitization. Biochem. Pharm. 37, 481-489 

10 Swann, P.G., Venton, D.L., and LeBreton, G.C. (1989). Eico- 
sapentaenoic acid and docosahexaenoic acid are antagonists 
at the thromboxane A2/prostaglandin H 2 receptor in human 
platelets. FEBS Lett. 243, 244-246 

11 Smith, D.L., Willis, A.L., Nguyen, N., Conner, D., Zahedi, 
S., and Fulks, J. (1989). Eskimo plasma constituents, dihomo- 
-/-linolenic acid, eicosapentaenoic acid and docosahexaenoic 
acid inhibit the release of atherogenic mitogens. Lipids 24, 
70-75 

12 Ross, R. (1986). The pathogenesis of atherosclerosis: An up- 
date. N. Engl. J. Med. 314, 488-500 

13 O'Keefe, S.F., Lagarde, M., Grandgirard, A., and Sebedio, 
J.L. (1990). trans n-3 eicosapentaenoic and docosahexaenoic 
acid isomers exhibit different inhibitory effects on arachidonic 
acid metabolism in human platelets compared to the respective 
cis fatty acids. J. Lipid Res. 31, 1241-1246 

14 Grandgirard, A., Piconneaux, A., Sebedio, J.L., O'Keefe, 
S.F., Serron, E., and LeQuere, J.L. (1989). Occurrence of 
geometrical isomers of eicosapentaenoic and docosahexaenoic 

acids in liver lipids of rats fed heated linseed oil. Lipids 24, 
799-804 

15 Sebedio, J.L., Grandgirard, A., Septier, C., and Prevost, J. 
(1987). Etat d'alt6ration de quelques huiles de friture pr61ev6es 
en restauration. Rev. Fr. Corps. Gras. 34, 15-18 

16 Fischer, S., Schacky, C.V., Siess, W., Strasser, T.H., and 
Weber, P.C. (1984). Uptake, release and metabolism of doco- 
sahexaenoic acid (DHA, c 22:6to3) in human platelets and neu- 
trophils. Biochem. Biophys. Res. Commun. 120, 907-918 

17 Croset, M. and Lagarde, M. (1986). In vitro incorporation and 
metabolism of icosapentaenoic and docosahexaenoic acids in 
human platelets--effect on aggregation. Thromb. Haemostas. 
56, 57-62 

18 Gaudette, D.C. and Holub, B.J. (1990). Albumin-bound doco- 
sahexaenoic acid and collagen-induced human platelet reactiv- 
ity. Lipids 25, 166-169 

19 Nordoy, A., Lagarde, M., and Renaud, S. (1984). Platelets 
during alimentary hyperlipidemia induced by cream and cod 
liver oil. Eur. J. Clin. Invest. 14, 339-345 

20 Kondo, T., Ogawa, K., Satake, T., Kitazawa, M., Taki, K., 
Sugiyama, S., and Ozawa, T. (1986). Plasma-free eicosapen- 
taenoic acid/arachidonic acid ratio: a possible new coronary 
risk factor. Clin. Cardiol. 9, 413-416 

21 Silver, M.J., Smith, J.B., Ingerman, C., and Koscis, J.J. 
(1973). Arachidonic acid-induced platelet aggregation and 
prostaglandin formation. Prostaglandins 4, 863-875 

22 Hoak, J.C., Spector, A.A., Fry, G.L., and Barnes, B.C. 
(1972). Localization of free fatty acids taken up by human 
platelets. Blood 40, 16-22 

23 Schacky, C.V. and Weber, P.C. (1985). Metabolism and ef- 
fects on platelet function of the purified eicosapentaenoic and 
docosahexaenoic acids in humans. J. Clin. Invest. 76, 
2446-2450 

24 Hirai, A., Terano, T., Takenaga, M., Kobayashi, S., Makuta, 
H., Ozawa, A., Fujita, T., Tamura, Y., Kitagawa, H., Kuma- 
gai, A., and Yoshida, S. (1987). Effect of supplementation 
of highly purified eicosapentaenoic acid and docosahexaenoic 
acid on hemostatic function in healthy subjects. Adv. Pr. Tx. 
Leuk. Res. 17, 838-845 

25 Hirai, A., Terano, T., Makuta, H., Ozawa, A., Fujita, T., 
Tamura, Y., and Yoshida, S. (1989). Effect of oral administra- 
tion of highly purified eicosapentaenoic acid and docosahexae- 
noic acid on platelet function and serum lipids in hyperlipid- 
emic patients. Adv. Pr. Tx. Leuk. Res. 19, 627-630 

26 Lagarde, M., Croset, M., Harjarine, M., Swann, P., Le- 
Breton, G.C., and Fonlupt, P. (1989). Eicosapentaenoic/doco- 
sahexaenoic acids and platelet functions. In Biomembranes 
and Nutrition, C.L. L6ger and G. B6r6ziat, eds.), p. 421-428, 
INSERM, Paris 

27 Hajarine, M. and Lagarde, M. (1986). Studies on polyenic acid 
incorporation into human platelet lipid stores: interactions 
with linoleic and arachidonic acids. Biochim. Biophys. Acta 
877, 299-304 

28 Skeaff, C.M. and Holub, B.J. (1987). Effect of dietary fish oil 
containing eicosapentaenoic acid on the fatty acid composition 
of platelet phospholipids and on the thrombin-stirnulated phos- 
pholipid alterations in human platelets. In Biology of  icosa- 
noids, (M. Lagarde, ed.), p. 63-76, INSERM, Paris 

29 Weiner, T.W. and Sprecher, H. (1985). 22-Carbon polyenic 
acids: incorporation into platelet phospholipids and the syn- 
thesis of these acids from 20-carbon polyenic acid precursors 
by intact platelets. J. Biol. Chem. 260, 6032-6038 

30 Aukema, H.M. and Holub, B.J. (1989). Effect of dietary sup- 
plementation with a fish oil concentrate on the alkenylacyl 
class of ethanolamine phospholipid in human platelets. J. 
Lipid Res. 30, 59-64 

31 Holub, B.J., Cell, B., and Skeaff, C.M. (1988). The alkenyl- 
acyl class of ethanolamine phospholipid represents a major 
form of eicosapentaenoic acid (EPA)-containing phospholipid 
in the platelets of human subjects consuming a fish oil concen- 
trate. Thromb. Res. 50, 135-143 

32 Hajarine, M. and Lagarde, M. (1988). Liberation and oxygen- 
ation of polyenoic acids in stimulated platelets. Biochemie 70, 
1749-1758 

120 J. Nutr. Biochem., 1991, vol. 2, March 



33 Brox, J.H., Killie, J.E., Gunnes, S., and Nordoy, A. (1981). 
The effect of cod liver oil and corn oil on platelets and vessel 
wall in man, Thromb. Haemostas. 3, 604-611 

34 Lorenz, R., Spengler, U., Fischer, S., Duhm, J., and Weber, 
P.C. (1983). Platelet function, thromboxane formation and 
blood pressure control during supplementation of the western 
diet with cod liver oil. Circulation 67, 504-511 

35 Corey, E.J., Shih, C., and Cashman, J.R. (1983). Docosahex- 
aenoic acid is a strong inhibitor of prostaglandin but not leuko- 
triene biosynthesis. Proc. Natl. Acad. Sci. USA 80, 3581-3584 

36 Watanabe, T., Narumiya, S., Shimizu, T., and Hayaishi, O. 
(1982). Characterization of the biosynthetic pathway of prosta- 
glandin D 2 in human platelet-rich plasma. J. Biol. Chem. 257, 
14847-14853 

37 Croset, M., Guichardant, M., and Lagarde, M. (1988). Differ- 
ent metabolic behavior of long-chain n-3 polyunsaturated fatty 
acids in human platelets. Biochim. Biophys. Acta 961, 262- 
269 

38 Aveldano, M.I. and Sprecher, H. (1983). Synthesis of hydroxy 
fatty acids from 4, 7, 10, 13, 16, 19-[-14C] docosahexaenoic 
acid by human platelets. J. Biol. Chem. 258, 9339-9343 

39 Croset, M., Sala, A., Folco, G., and Lagarde, M. (1988). Inhi- 

DHA and human platelet activity: Gaudette and Holub 

bition bv lipoxygenase products of TxA2-1ike responses of 
platelets and vascular smooth muscle: 14-hydroxy from 22:6n- 
3 is more potent than 12-HETE. Biochem. Pharm. 37, 
1275-1280 

40 Chen, Z.M., Cerletti, C., de Gaetaro, G., and Bertele, V. 
(1987). Response of human platelets exposed to arachidonate 
upon stimulation with other agonists: possible role of Ca 2+ 
movement. Biochem. Biophys. Res. Commun. 149, 1193-1199 

41 Spector, A.A. (1986). Structure and lipid binding properties of 
serum albumin. Methods Enzymol. 128, 320-329 

42 Gaudette, D.C. and Holub, B.J. (1990). Effect of albumin- 
bound DHA on phosphoinositide phosphorylation in collagen 
stimulated human platelets. Thromb. Res. 58,435-444 

43 Mag6sci, M., Enzedi, A., Sarkadi, B., and Gardos, G. (1988). 
Effects of phosphoinositides on calcium movements in human 
platelet membrane vesicles. Biochim. Biophys. Acta 944, 
202-212 

44 Nahas, N., Plantavid, M., Mauco, G., and Chap, H. (1989). 
Association of phosphatidylinositol kinase and phosphatidyl- 
inositol 4-phosphate kinase activities with the cytoskeleton in 
human platelets. FEBS. Lett. 246, 30-34 

J. Nutr. Biochem., 1991, vol. 2, March 121 


